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PREFATORY  NOTE  TO  THE  SECOND  EDITION. 

Fob  some  time  past  the  first  edition  of  this  work  has  been  out  of  print. 
This  edition  has  been  thoroughly  revised,  and  much  new  matter  added. 
The  size  of  the  book  has  been  increased  by  87  pages,  in  spite  of  the 
deletion  of  obsolete  material,  so  as  to  include  as  far  as  possible  some 
account  of  the  changes  that  have  been  effected  during  the  past  seven  years. 
With  the  increasing  adoption  of  self-propelled  vehicles  the  subject  of 
road-making  and  maintenance  has  acquired  special  importance.  The 
conditions  of  traffic  have  altered  in  a  remarkable  manner  as  regards  both 
kind  and  quantity;  and  better  construction  of  macadamised  roads  has 
become  imperative  in  order  to  withstand  the  new  traffic  and  at  the  same 
time  to  resist  the  formation  of  dust  and  mud.  The  latter  point  has 
received  special  attention,  and  it  is  hoped  that  the  information  contained 
in  the  chapter  that  has  been  added  on  this  important  subject  may  help 
to  suggest  ways  in  which  the  experience  gained  in  other  districts  may 
advantageously  be  applied  in  cases  of  difficulty. 

T.  A. 

Ayiput  1907. 


PREFACE. 

This  treatise  is  divided  into  two  parts.  The  Rrst  relates  to  the  making  and 
the  maintaining  of  Macadamised  Koads,  while  the  second  part  deals  with 
Carriageways  and  Footpaths. 

Although  much  has  been  written  on  the  subject  of  making  and  maintain- 
ing macadamised  roads,  the  recent  introduction  of  mechanical  appliances  for 
quarrying,  manufacturing,  and  consolidating  the  metalling  has  led  to  im- 
portant changes  on  the  older  methods,  whereby  more  expeditious,  effective, 
and  economical  work  has  been  rendered  possible.  The  effect  of  the  transfer 
of  the  management  of  the  highways  to  the  County  Councils  by  the  Local 
Grovemment  Acts  has  afforded  scope  for  road  maintenance  on  a  larger  scale 
than  has  hitherto  been  practised  in  this  country. 

The  information  here  given,  which  treats  of  all  matters  relating  to  the 
systematic  making  and  repairing  of  roads  and  streets,  is  for  the  most  part  the 
result  of  experience  of  the  practical  work  of  constructing  roads  and  their 
subsequent  maintenance,  extending  over  a  considerable  number  of  years. 
The  methods  of  carrying  out  the  work  and  the  cost  of  each  operation  are 
given  in  detail,  and,  it  is  hoped,  are  now  brought  together  in  a  useful  form. 

In  the  second  part,  all  the  recognised  descriptions  of  material  used  in 
the  paving  of  carriageways  and  footways,  and  the  latest  methods  of  con- 
struction adopted  in  the  principal  cities  and  towns  of  the  kingdom,  are 
described.  The  cost  of  forming  pavements  and  the  comparative  wear  are 
also  given  in  detail.  The  congestion  of  pedestrian  and  vehicular  trafl&c  in 
the  larger  towns,  and  the  means  of  obviating  the  delays  inseparable  from 
the  present  state  of  matters,  are  noticed  at  some  length.  The  benefits  likely 
to  result  from  the  construction  of  subways  are  also  described  in  a  concise 
manner,  while  other  matters  of  general  importance  receive  due  and  adequate 
notice. 
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HISTORICAL   SKETCH. 

Boad  Kaking. — Tredgold's  definition  of  the  profession  of  the  Civil 
Engineer,  which  was  adopted  by  the  'Institution  of  Civil  Engineers'  in 
their  charter — viz.,  "The  art  of  directing  the  great  sources  of  power  in 
nature  for  the  use  and  convenience  of  man  " — illustrates  very  forcibly  the 
importance  of  road  making  as  a  branch  of  engineering  practice. 

The  construction  of  roads  or  artificial  ways  is  one  of  the  first  steps 
taken,  with  the  spread  of  civilization,  in  opening  up  a  country  for  the 
accommodation  of  travellers  and  the  carriage  of  commodities. 

Boad  makers  may  be  looked  upon  as  pioneers  in  the  material  advance- 
ment of  a  nation  and  in  influencing  society,  the  good  condition  in  which 
roads  are  maintained  being  a  fair  indication  of  the  progress  or  prosperity  of 
any  age  or  people. 

The  natural  resources  and  manufactures  of  a  country  can  only  be 
developed  by  communication  between  towns  and  rural  districts,  or,  in 
other  words,  "  The  road  is  so  necessary  an  instrument  of  social  well-being, 
that  in  eveiy  new  colony  it  is  one  of  the  first  things  thought  of.  .  .  . 
The  new  country,  as  well  as  the  old,  can  only  be  effectually  opened  up,  as 
the  common  phrase  is,  by  roads,  and  until  these  are  made  it  is  virtually 
closed."*  The  evolution  of  the  modem  road  can  only  be  adequately  under- 
stood by  reference  to  the  practice  of  this  interesting  subject,  from  the  time 
when  the  making  of  the  great  military  roads  of  the  Romans  was  carried 
out  to  the  present  time,  authentic  descriptions  of  which  are  recorded.  It 
will  be  necessary,  therefore,  previous  to  detailing  the  different  processes 
from  the  inception  to  the  completion  of  roads  and  streets  as  now  con- 
structed, to  review  concisely  the  history  of  the  subject,  which  extends  over 
a  period  of  2200  years. 

Boman  Roads. — The  Romans  learned  the  art  of  making  paved  roads 
from  the   Carthaginians,  and   the  highways  constructed  by  them   were 

*  Smiles'  Lives  of  the  En^netn,  vol.  i. 
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regarded  as  of  vital  importance  for  conquest  and  the  maintenance  of  their 
Empire,  while  they  were  admirable  models  of  engineering  skilL 

One  of  the  oldest,  and  probably  the  moat  important  of  these  paved 
military  roads,  called  the  'Appian  Way,'  was  commenced  by  Appiua 
Claudius  while  holding  the  office  of  censor,  in  312  b.o.  Twenty-nine  great 
military  roads  centred  in  Rome,  many  of  which  were  carried  in  different 
directions  to  the  extreme  limits  of  the  vast  Empire,  connecting  the  Capitol 
and  the  principal  cities  and  strategic  points. 

These  lines  of  communication,  for  a  distance  of  50  miles  from  Borne, 
were  decorated  on  either  side  with  temples  and  other  superb  edificea. 
Buildings  were  erected  at  regular  distances  alongside  these  roads  at  the 
public  expense,  and  used  as  lodging-houses  for  changing  horses  to  suit  the 
wants  of  the  couriers,  and  for  the  requirements  of  the  army;  mansions 
were  also  erected  at  intervals  of  from  30  to  36  miles  for  the  accommoda- 
tion of  the  soldiers. 

Roman  roads  are  remarkable  for  preserving  a  straight  line  from  point  to 
point  regardless  of  obstacles,  which  by  a  sb'ght  detour  could  have  been 
avoided.  They  were  carried  over  marshes,  lakes,  ravines,  and  mountains, 
and  have,  by  their  bold  inception,  duration  and  stability,  excited  astonishment 
and  admiration  in  all  ages.  The  '  Appian  Way '  was  not  only  the  earliest 
military  road,  but  the  best  constructed ;  and  Statins,  the  poet,  designates 
it  as  the  Queen  of  Roads  in  his  time.  It  extended  to  360  miles ;  the  portion 
from  Rome  to  Capua,  a  distance  of  142  Italian  miles,  was  constructed 
during  the  censorship  of  Claudius.  The  remaining  portion,  extending  in  a 
south-easterly  direction  to  Bmndusium  (now  Brindisi),  appears  to  have  been 
carried  out  from  time  to  time  as  the  Romans  conquered  the  states  to  the 
south.  Julius  CsBsar  spent  considerable  sums  of  money  on  this  road,  and 
in  all  probability  completed  it  to  Brundusium.  The  mode  of  constructing 
this  great  military  road  was  as  follows : — 

Two  parallel  trenches  were  excavated  at  a  distance  of  about  40  feet 
apart  to  mark  the  width  of  the  road,  and  also  the  direction  which  it  was 
intended  to  follow.  This  at  once  gave  the  location  of  the  road,  and  showed 
the  nature  of  the  subsoil,  from  which  the  level  of  the  foundations  was 
determined ;  all  loose  soil  was  removed,  and  replaced  ^here  necessary  with 
suitable  material,  consolidated  by  ramming  until  a  solid  foundation  was 
obtained  for  the  support  of  the  road  materials. 

This,  in  general,  appears  to  have  been  composed  of  four  layers  of  mate- 
rial having  a  total  thickness  of  3  feet,  local  stone  being  used  when  avail- 
able, though  at  times  the  material  was  brought  f  ^-om  a  considerable  distance. 
The  lowest  layer,  or  statumen,  was  formed  of  two  courses  of  flat  sfiones  laid  in 
mortar ;  over  this  was  laid  the  rudus^  or  rubble,  well  beaten ;  then  the  third 
layer,  called  the  nucleus^  a  sort  of  beaton,  was  spread,  being  composed  of  coarse 
gravel  and  lime,  used  hot,  and  on  which  was  bedded  the  mmma  crustcu 
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When  the  road  was  carried  over  marshy  ground,  a  framework  of 
carpentry  was  provided,  called  '  contignata  pavimenta,'  and  the  frame  itself 
coniiffnaHcmes. 

The  joists  or  sleepers  were  termed  coazationes  or  cassationeSf  and  were 
made  of  an  oak  called  esculus,  because  it  was  not  liable  to  warp  or  shrink. 
To  protect  the  timber  from  the  effect  of  the  lime  mixed  with  the  other 
materials,  it  was  covered  with  a  bed  of  rushes  or  reeds,  and  sometimes 
straw.  On  this  stratimi  of  reeds  or  straw  was  laid  the  stcUumen  or 
foundation. 

The  second  bed  was  made  of  broken  stones  mixed  with  lime,  which  Isidore 
calls  rtidits.  When  this  material  was  composed  of  stones  freshly  broken,  it 
was  called  rudus  novum,  and  quicklime  was  added  in  the  proportion  of  one 
of  lime  to  three  of  stone.  But  when  the  material  came  from  old  buildings, 
it  was  called  rudus  redivivum,  and  then  an  additional  portion  of  lime  was 
used,  two  parts  to  five,  and  the  work  termed  rudercUionem ;  the  rammer  or 
beater  was  employed  to  strengthen,  equalize,  and  smooth  it.  This  com- 
position, whether  formed  of  gravel  or  dSbris,  was  9  inches  in  thickness 
after  it  had  been  thoroughly  rammed. 

•  ■      *  - — ^—  * 
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Fio.  1. — Cross-section  of  Roman  road  ('Appian  Way*). 

Over  this  tarras  or  ruderation,  a  cement  was  laid  for  the  third  bed, 
which  was  composed  of  bricks,  potsherds,  or  broken  tiles  mixed  with  lime,  in 
the  proportion  of  one  of  lime  to  three  of  brick.  This  was  spread  over 
the  ruderation  in  a  thin  layer  to  receive  the  fourth  bed  or  paving,  con- 
sisting of  polygonal  blocks  jointed  with  the  greatest  nicety,  serving  as 
a  covering  to  the  entire  work,  and  was  called  in  consequence  summam 
crustam.  The  third  bed,  or  nucleus,  was  the  softest  layer  of  the  whole,  and 
was  interposed  between  the  harder  layers.  The  stones  and  cement  which 
formed  the  road  were  not  less  than  6  inches  in  thickness,  and  the  entire 
mass  laid  upon  the  framework  of  carpentry  was  15  inches.  Fig.  1  shows  a 
cross-section  of  the  'Appian  Way,'  and  typifies  many  of  the  other  great 
military  roads  in  the  neighbourhood  of  Rome.  The  paved  portion  was 
about  16  feet  wide,  with  margins  on  either  side,  separated  by  a  curb  2  feet 
wide  and  18  inches  high,  which  served  as  seats  for  travellers.  The  margins 
were  not  paved  with  blocks,  the  finished  surface  being  the  gravel  concrete ; 
they  were  consequently  at  a  lower  level  than  and  were  only  half  the  width 
of  the  centre  portion. 
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The  entire  width  of  these  military  roads  was  from  36  to  40  Roman  feet^ 
the  middle  portion  heing  for  the  infantry,  while  the  margins  were  made  use 
of  hy  horses  and  carriages. 

Of  the  other  great  military  roads  some  were  named  after  the  Consols  and 
Emperors  who  had  constructed  them,  such  as  the  Flaminian  and  Domitian, 
while  others  were  designated  by  the  name  of  the  province  through  which 
they  passed,  such  as  the  Latian,  Tiburtine,  Gampanian,  and  Praenestine  ways. 

Other  roads  constructed  solely  for  civil  purposes  were  connected  with 
the  great  military  ways  and  distinguished  by  the  following  names^  Fto, 
Actus,  Iter,  Semita,  Trames,  Diverticulum,  Divertium,  CaUais,  etc* 

Via  answers  to  our  common  road ;  its  breadth  was  8  Roman  feet^  so 
that  carriages  could  pass  without  collision. 

Actus  was  a  road  for  the  passage  of  a  single  carriage;  it  derived  its 
name  from  a  measure  used  in  surveying  land,  of  which  the  breadth  was 
4  feet  and  the  length  120  feet. 

Iter  was  a  road  for  pedestrians  and  horsemen,  the  breadth  of  which  was 
3  feet. 

Semita  was  only  half  the  breadth  of  the  Iter,  and  when  it  crossed  fields 
it  was  called  Trames,  Diverticulum,  and  Divertium. 

CaUais  was  a  road  through  mountainous  districts,  for  the  purpose  of 
attending  the  flocks. 

"  The  un paved  roads  of  the  Romans  were  called  by  Ulpian  vicu  terpenas, 
to  distinguish  them  from  those  dressed  with  stone  or  gravel,  and  they  were 
regulated  by  similar  laws  and  ordinances  to  the  others.  The  road  from 
Spain  into  Italy,  through  Nismes,  was  of  this  kind,  and  only  passable 
during  the  summer  months. 

"  In  the  winter  and  spring  it  was  in  a  soft  state,  from  the  water  which 
came  down  from  the  neighbouring  mountains,  though  Strabo  mentions 
several  wooden  and  stone  bridges  and  ferries.  These  roads,  so  liable  to  be 
broken  up  by  the  torrents,  were  exposed  to  the  action  of  the  sun  and  wind, 
all  shade  being  removed,  that  they  might  speedily  dry. 

"  The  whole  Roman  Empire  comprised  eleven  regions,  viz.,  Italy,  Spain, 
Gaul,  British  Isles,  Illyria,  Thrace,  Asia  Minor,  Pontus,  the  East,  Egypt, 
and  Africa,  and  these  were  divided  into  113  provinces,  traversed  by  372 
great  roads,  which,  according  to  the  Itinerary  of  Antoninus,  were  together  in 
length  52,964  Roman  miles."  t 

In  Peru  the  Incas  appear  to  have  built  great  roads.  That  from  Quito  to 
Cuzco  was  between  1500  and  2000  miles  in  length  and  20  feet  wide;  it  was 
situated  at  an  elevation  of  over  12,000  feet  above  the  sea  level.  This  road 
was  characterized  by  having  a  running  stream  and  a  row  of  trees  on  either 
side,  while  the  road  itself  was  paved  with  stones  10  feet  square,  and  in 
some  instances  with  stone  covered  with  bitumen. 

*  Creay's  Encydopctdia  of  Civil  Engineering,  1847.  t  UritL 
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Humboldt,  in  his  Aspects  of  Nature,  speaks  of  this  mountain  road  as  "  a 
marvellous  work,  not  inferior  to  the  most  imposing  Koman  roadways"; 
while  Prescott,  in  his  History  of  Peru,  says  of  this  road  that  "  it  was  con- 
ducted over  sierras  covered  with  snow  ;  galleries  were  cut  through  the  living 
rock ;  rivers  were  crossed  by  means  of  bridges  swung  suspended  in  the  air ; 
precipices  were  scaled  by  stairways  hewn  out  of  the  native  bed,  and  ravines 
of  hideous  depth  were  filled  up  with  solid  masonry." 

Among  the  many  magnificent  engineering  works  carried  out  by  the 
Romans,  the  public  roads  ranked  pre-eminently  high,  and  great  labour  and 
expense  were  incurred  in  their  construction.  It  is  not  to  be  wondered  at^ 
therefore,  considering  the  importance  of  these  works,  that  only  those  of  the 
highest  attainments  were  considered  as  having  the  necessary  qualifications 
to  supervise  these  great  works  of  prominent  utility. 

Early  French  Boads. — As  the  Romans  conquered  states,  roads  were 
introduced  for  the  benefit  of  commerce  and  societv,  and  the  art  of  con- 
structing  them  on  the  Roman  method  was  practised  in  France  til  about 
the  beginning  of  the  eighteenth  century.  A  cross>section  of  these  roads  is 
shown  in  fig.  2. 

The  material  forming  the  road  was  composed  of  flat  stones  laid  by  hand 


v*io.  2. — Cross-section  of  French  road  (Roman  method)  previous  to  1775. 

in  two  or  more  layers  for  a  width  of  18  feet  on  the  bottom  of  the  excava- 
tion; on  this  foundation  a  layer  of  small  stones  was  spread  and  beaten 
down,  and  the  surface  finished  with  a  layer  of  stones  broken  smaller  than 
the  underlying  material.  The  usual  thickness  of  the  body  of  the  road  was 
18  inches  in  the  centre  and  12  inches  at  the  sides.  The  roads  in  France 
down  to  the  year  1764  were  maintained  by  statute  labour  (Za  corvee)  which 
was  only  efiected  twice  annually,  in  the  spring  and  autumn  of  each  year, 
necessitating  the  application  of  large  quantities  of  stones  to  carry  the  traffic 
during  the  intervals  between  repairs.  After  the  suppression  of  statute 
labour  (1764)  the  mode  of  constructing  new  roads  was  considerably  modified, 
and  in  the  year  1775  M.  Tr^saguet  adopted  the  method  shown  in  section  at 
fig.  3.  The  excavated  portion  was  made  parallel  to  the  finished  surface  of 
the  road  and  10  inches  below  it.  The  bed  of  stones  was  laid  edgewise  and 
beaten  to  an  even  surface,  over  which  a  second  bed  of  smaller  stones  was  laid 
by  hand,  the  finishing  layer  being  of  broken  stones  the  size  of  walnuts,  and 
spread  with  a  shovel.     The  rise  of  the  road  was  6  inches  in  the  centre,  the 
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material  for  finisbiDg  the  road  or  upper  surface  being  selected  from  the 
hardest  quality  of  stone. 

S Token.  ^'hirwmM  CVntlnnih  MJfUf.  I 
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Fio.  8. — Cross-section  of  French  road,  as  constmcted  by  M.  Tr^saguet  in  1775. 

Later  French  Boads. — This  mode  of  constructing  roads  in  France  was 
practised  till  about  the  year  1820,  when  the  system  of  Macadam  attracted 
attention ;  the  peculiar  virtue  of  angular  broken  stones  in  consolidating  and 
forming  a  hard  surface  was  recognized,  and  the  system  was  officially 
adopted  in  1830  for  constructing  roads  in  that  country. 

M.  Dumas,  engineer-in-chief  of  the  Fonts  et  Cliauss^es,  writing  in  1843,* 
stated  that  the  system  of  Macadam  was  generally  adopted  in  France,  and 
that  the  roads  were  maintained  in  good  condition  by  continuous  and  watch- 
ful attention  in  cleansing  and  repairing  them,  and  realizing  his  motto, 
"The  maximum  of  beauty." 

Early  British  Boads. — The  great  Roman  General  Julius  Csesar  carried 
out  many  paved  roads  in  Italy,  and,  recognizing  the  vital  importance  of 
such  lines  of  communication,  extended  them  into  the  provinces ;  while 
subsequent  to  the  year  a.d.  43,  main  and  branch  roads  were  constructed 
in  Britain  by  the  Romans  in  almost  every  direction,  from  their  military 
stations  and  camps  to  the  coast. 

"  The  Romans  seem  to  have  paid  particular  attention  to  the  construction 
of  roads  in  the  distant  provinces ;  and  those  of  Britain,  which  may  still  be 
traced  in  various  ramifications,  present  a  lasting  monument  of  the  justice  of 
their  conception,  the  extent  of  their  views,  and  the  utility  of  their  power. 
A  grand  trunk,  as  it  may  be  called,  passed  from  the  south  to  the  north, 
and  another  to  the  west,  with  branches  in  almost  eveiy  direction  that 
general  convenience  and  expedition  could  require.  What  is  called  Wailing 
Street  led  from  Richborough,  in  Kent,  the  ancient  RutupisB,  north-east, 
through  London  to  Chester.  The  Eitnine  Street  passed  from  London  to 
Lincoln,  thence  to  Carlisle,  and  into  Scotland.  The  Foss  Way  is  supposed 
to  have  led  from  Bath  and  the  western  regions,  north-east,  till  it  joined  the 
£rmine  Street.  The  last  celebrated  road  was  *  Ikeneld  *  or  *  Ikneld,' 
supposed  to  have  extended  from  near  Norwich,  southward  into  Dorset- 
shire." t 

Although  there  is  no  trace  of  Roman  influence  in  the  construction  of 
later  roads  in  Britain,  still  in  many  cases  those  made  by  them  form  the 

*  Aniudes  des  Fonts  et  ChaussieSt  1843. 
t  Pinkerton*s  Geography ^  vol.  L  p.  20. 
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foundations  of  existing  iroads  in  dififerent  parts  of  the  country.  Many 
traces  of  the  remains  of  Roman  Boads,  often  situated  at  a  considerable 
depth  below  the  surrounding  ground  of  the  present  day,  have  been  dis- 
covered from  time  to  time.  One  of  the  latest  discoveries  was  disclosed 
when  carrying  out  storm-water  drainage  works  at  Rochester  in  1897,  the 
details  of  which  may  be  given. 

"  When  the  Romans  made  the  great  way  from  the  Kentish  coast  to 
the  north  of  England,  a  wooden  bridge,  built  upon  piles,  was  thrown  across 
the  Medway.  On  reaching  the  Strood  side  of  the  river  the  engineers  were 
confronted  with  a  marsh  of  about  355  yards  in  width.  This  difficulty  they 
boldly  overcame  by  constructing  upon  the  alluvial  deposit  a  magnificent 
causeway. 

"  A  section  of  the  buried  work  showed  the  following : — (1)  Layers  of 
post-Roman  roads  for  a  depth  of  2  feet  8  inches;  (2)  paved  surface  of 
causeway,  6  inches  to  8  inches;  (3)  small  pebble  gravel,  mixed  with 
black  earth,  rammed,  9  inches;  (4)  flints,  broken  fine,  7  inches;  (5) 
rammed  chalk,  5  inches ;  (6)  flints  (white,  and  rather  large),  rough  pieces 
of  Kentish  rag,  fragments  of  Roman  tile,  3  feet  6  inches ;  (7)  marsh  mud, 
containing  numerous  oak  piles  about  4  feet  in  length,  with  pieces  of  wood 
laid  at  intervals  across  them,  or  perhaps  they  were  originally  made  fast  by 
nails.  The  width  of  the  causeway  was  about  14  feet,  while  the  distance 
apart  of  the  wheels  of  the  waggons  has  been  estimated,  from  the  grooved 
wheel-track,  at  4 J  feet."* 

The  construction  of  this  part  of  the  road  passing  through  Rochester 
corresponds  very  nearly  with  that  described  at  page  3,  and  designated 
contujncUa  pavimenta^  being  the  method  adopted  by  the  Romans  when 
forming  roads  across  marshes  in  Italy. 

The  depth  of  the  material  forming  the  roadway,  above  the  timber 
foundation,  amounting  to  5  feet  10  inches,  appears  to  be  considerably 
greater  than  that  usually  adopted  by  the  Romans  in  similar  circum- 
stances. 

For  a  considerable  period  after  the  occupation  of  Britain  by  the 
Romans  the  roads  made  by  them  were  the  only  means  of  internal  com- 
munication, but  during  the  Dark  Ages  they  were  allowed  to  fall  out  of 
repair  and  finally  into  ruin,  and  were  in  many  instances  overrun  with 
forest  and  waste  until  they  assumed  a  condition  probably  the  worst  in 
Europe.  At  this  period  communication  between  towns  was  both  difficult 
and  dangerous ;  the  roads  which  formerly  had  such  a  beneficial  eflect  on 
the  country  were  regarded  with  terror  as  aids  to  plunder,  and  in  the  year 
1285  owners  of  land  were  enjoined  to  widen  the  roads,  by  cutting  down 
trees  on  each  side  to  a  certain  width,  the  inland  commerce,  such  as  it  was, 

*  The  foregoing  description  is  abstracted  from  a  pamphlet  on  "  Roman  Discoveries," 
by  G.  Payne,  F.L.S.,  F.S.A.,  reprinted  from  Archceologia  Cantianay  1898. 
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being  maintained  principally  by  rude  paths  or  horse-tracks,  traversed  by 
pack-horses. 

"In  very  early  periods  of  English  civilization,  while  the  population 
was  thin  and  scattered,  and  men  lived  by  hunting  and  pastoral  pursuits, 
the  track  across  the  down,  the  heath,  and  the  moor  sufficiently  answered 
their  purpose.  Yet,  even  in  these  districts  unencumbered  with  wood,  where 
the  first  settlements  were  made — as  in  the  downs  of  Wiltshire,  the  moors 
of  Devonshire,  and  the  wolds  of  Yorkshire — stone  tracks  were  laid  down 
by  the  tribes  between  one  village  and  another.  In  some  districts  they 
are  called  trackways  or  ridge  ways,  being  narrow  causeways  usually 
following  the  natural  ridge  of  the  country,  and  probably  serving  in  early 
times  as  local  boundaries.  On  Dartmoor  they  are  constructed  of  stone 
blocks,  irregularly  laid  down  on  the  surface  of  the  ground,  forming  a 
rude  causeway  of  about  5  feet  or  6  feet  wide."* 

''  In  1346  a  law  was  passed  to  levy  a  toll  on  some  of  the  roads  leading 
out  of  London,  which  were  reported  to  be  impassable.  In  the  reign  of 
Henry  VIII.  (1509-1547)  laws  were  enacted  binding  the  several  parishes 
to  take  care  of  the  roads,  and  annually  to  select  quaUfied  persons  to 
superintend  them;  but  simple  as  are  the  principles  of  road  making, 
those  appointed  are  seldom  sufficiently  instructed  on  the  subject,  and 
being  ratepayers,  are  too  much  interested  to  allow  of  the  requisite  outlay. 
Thus  many  of  the  parish  roads  are  in  a  wretched  condition,  the  system 
adopted  by  most  parish  surveyors  being  merely  to  fill  up  the  ruts  and 
inequalities  with  stones  picked  from  the  surface  of  the  land,  or  gravel 
dug  in  some  convenient  spot;  this  operation  repeated  in  the  spring  and 
autumn  constitutes  their  whole  duty  ;  no  attention  being  paid  to  the  nature 
of  the  soil,  or  the  selection  of  the  material  that  will  bind  with  it  to  form  a 
hard  exterior  crust."  t 

No  serious  attempt  was  made,  however,  to  restore  the  highways  until 
the  introduction  of  the  turnpike  system,  after  the  restoration  of  Charles  II. 
Acts  were  passed  in  the  year  1653  for  widening  and  repairing  some  of  the 
public  roads,  and  turnpike  gates  were  first  legally  erected  in  England  in 
1663.  The  first  relates  to  that  from  London  to  Scotland,  which  passed 
tlirough  Hertford,  Cambridge,  and  Huntingdon,  where  toll  was  levied  on 
all  but  foot-passengers,  owing  to  the  road  becoming  very  bad  through  the 
heavy  loads  of  barley  passing  over  them  in  wagons  and  carts. 

The  roads  in  Scotland,  although  having  lighter  traffic  and  better 
materials  for  repairs,  were  said  to  be  in  an  equally  unsatisfactory  state. 
The  first  stage-coach  in  Scotland  was  rim  between  Edinburgh  and  Leith 
in  1610.  In  1658  there  was  a  fortnightly  stage-coach  between  Edinburgh 
and  London,  but  it  was  afterwards  discontinued  for  many  years.     Acts 

*  Smiles'  Lives  of  the  Engineers. 

t  Cresy's  Encydopoedia  of  CivU  Engineering,  1847. 
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were  passed  in  the  Scottish  Parliament  of  1661,  1669,  1670,  1685,  and 
1686,  having  reference  to  the  making,  up-keep,  and  control  of  roads,  and 
many  other  Acts  of  a  local  as  well  as  general  application  were  subsequently 
passed  into  law  for  the  improvement  of  public  roads.  These  had  reference 
chiefly  to  statute  labour  roads  as  a  means  of  communication  in  the  different 
parishes. 

The  unsettled  state  of  the  country  in  the  Northern  and  Western 
Highlands  of  Scotland,  culminating  in  the  rebellion  of  1715,  brought 
about  the  necessity  for  making  roads  through  the  heart  of  these  moun- 
tainous strongholds.  The  carrying  out  of  these  was  entrusted  to 
General  Wade,  who,  between  the  years  1726  and  1737,  constructed 
about  250  miles  of  roads,  which  were  of  the  greatest  value  to  the 
country.  For  the  most  part  the  width  of  these  roads  was  16  to  18  feet,  and 
they  had  a  pitched  foundation  covered  with  small  stones  and  gravel.  Many 
exciting  scenes  were  enacted  in  close  proximity  to  them  during  the 
smuggling  days,  when  military  escorts  were  common,  and  before  highway 
robberies  were  put  down.  In  later  times,  and  before  railways  were 
introduced,  these  roads  were  much  used  for  the  transit  of  great  herds  of 
cattle  to  the  southern  markets. 

Legislation,  during  that  period,  seems  to  have  been  a  strong  point  in  con- 
nection with  road  administration,  as  appears  from  the  following : — *'  It  is 
curious  to  refer  to  the  progress  made  in  turnpike  legislation,  which  may  be 
thus  stated:  from  1700  to  1710,  twelve  turnpike  Acts  were  passed;  from 
1710  to  1720,  twenty-one;  from  1720  to  1730,  seventy-one;  from  1730  to 
1740,  thirty-one;  from  1740  to  1750,  twenty-nme;  from  1750  to  1760,  one 
hundred  and  eighty-five ;  from  1760  to  1770, one  hundred  and  seventy-five; 
making,  up  to  this  period  (seventy  years),  five  hundred  and  thirty  Acts  of 
Parliament  which  had  received  the  royal  assent.  These  Acts  were  limited 
to  a  duration  of  twenty-one  years,  as  it  was  presumed  that  at  the  end  of  that 
period  the  tolls  imposed  would  not  be  required ;  the  clerks  of  the  several 
trusts  always  take  care,  however,  that  some  creditors  of  the  road  should 
remain  unpaid,  by  which  means  they  contrive  to  keep  the  trust  alive,  and 
prevent  their  own  office  becoming  extinct.  The  renewal  of  the  Turnpike 
Act  IB  also  profitable  to  the  clerk,  and  since  1830  the  term  has  been  pro- 
longed to  thirty-one  years;  at  present  (1847)  the  trusts  in  existence  exceed 
1100."* 

With  all  this  array  of  Acts  for  the  making  and  maintaining  of  highways 
one  may  imagine  that  great  improvements  would  have  become  general; 
this,  however,  does  not  appear  to  have  been  the  case,  at  all  events  in  the 
north  of  England,  as  the  following  will  show : — 

Mr.  Arthur  Young,  in  his  Six  Months*  Tour,  published  in  1770,  writes 
of  some  of  the  roads  in  the  north  of  England  : — "  To  Wigan.     Turnpike — 

*  Gresy's  Encydopcedia  of  Civil  Engineering,  1847. 
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I  know,  in  the  whole  range  of  language,  no  terms  sufficiently  expressive 
to  describe  this  infernal  road.  Let  me  most  seriously  caution  all  travellers 
who  may  accidentally  propose  to  travel  this  terrible  country  to  avoid  it 
as  they  would  the  devil,  for  a  thousand  to  one  they  break  their  necks  or 
their  limbs  by  overthrows  or  breakings  down.  They  will  here  meet  with 
ruts,  which  I  actually  measured  4  feet  deep,  and  floating  with  mud  only 
from  a  wet  summer;  what,  therefore,  must  it  be  after  a  winter t  The 
only  mending  it  receives  is  tumbling  some  loose  stones,  which  serve  no 
other  purpose  than  jolting  a  carriage  in  the  most  intolerable  manner.  These 
are  not  merely  opinions,  but  facts ;  for  I  actually  passed  three  carts  broken 
down  in  those  eighteen  miles  of  execrable  memory."  The  turnpike  to 
Newcastle  was  also  bad,  and  is  described  in  a  similar  forcible  manner. 

From  the  third  report  of  the  Parhamentary  Committee  on  Turnpikes 
and  Highways,  1809,  it  appears  that  a  convexity  of  considerable  elevation 
was  generally  adopted  in  repairing  roads  with  a  view  to  keep  them  dry. 
The  convexity,  approaching  the  form  of  a  semicircle,  was  such  that  vehicles 
kept  entirely  to  the  centre  of  the  road,  the  sides  being  dangerous ;  deep 
ruts  were  formed,  which  retained  lai^e  quantities  of  water  and  mud,  and 


Fio.  4. — Cross-seotion  of  English  road,  about  1809. 

• 

in  a  short  space  of  time  the  road  became  impassable,  thus  defeating  the 
object  for  which  it  was  constructed.  Clods,  rushes,  soil,  and  all  other 
materials,  soft  and  hard,  where  thrown  down  in  a  promiscuous  manner  to 
give  the  convexity  desired,  this  being  surmounted  with  stones  from  old 
footpaths,  with  a  small  quantity  of  gravel  raked  over  them  to  keep  them 
together.  Fig.  4  shows  a  cross-section  of  an  English  road  in  1809,  the 
dark  portion  indicating  the  state  of  the  road  previous  to  being  repaired  as 
described  above ;  the  light  shaded  portion  represents  the  appearance  of  the 
road  after  the  repairs  were  carried  out,  and  previous  to  the  inspection  by 
two  magistrates  on  their  way  to  the  quarter  session,  who  certified  *'that  it 
was  perfectly  smooth  when  they  saw  it,  and  that  a  vast  deal  had  been  done 
since  the  last  time  they  were  there." 

Travellers  when  setting  out  on  a  journey  used  to  be  armed  with  such 
weapons  as  blunderbusses  to  protect  themselves  against  the  highwaymen 
frequenting  the  roads  in  most  counties.  For  similar  reasons,  and  on 
account  of  the  bad  state  of  the  roads,  wills  were  always  made  previous  to 
undertaking  a  long  journey  by  stage-coach  or  post-chaise. 

Great  opposition  was  encountered  as  the  extension  of  the  turnpike 
system  became  general.     Armed  bodies  of  men  assembled  with  the  object 
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of  destroying  fcbe  tampikes  and  burning  down  the  toll-bouses.  So  great 
was  the  contempt  of  the  people  for  the  new  order  of  things,  that  in  some  dis- 
tricts they  would  not  even  use  the  new  roads  after  they  were  constructed. 
The  counties  in  which  the  greatest  disaffection  manifested  itself  were  York- 
shire, Somersetshire,  Gloucestershire,  and  many  of  the  counties  in  Wales. 

The  carrying  of  the  mails  by  stage-coaches  and  the  ever-increasing  exchange 
of  different  commodities  about  the  beginning  of  the  last  century,  exercised 
the  public  mind  as  to  the  importance  of  having  main  roads  constructed 
between  distant  centres  of  population  and  the  coast.  Enormous  sums  of 
money  were  spent  in  road  construction  between  the  years  1780  and  1830, 
during  which  time  most  of  the  turnpike  roads  in  Scotland  were  made. 
They  were  for  the  most  part  well  laid  out  and  constructed,  material  of 
a  suitable  nature  being  abundant  in  most  counties.  The  road  proper, 
exclusive  of  the  ditches  and  fences,  had  a  minimum  width  of  20  feet, 
while  many  were  made  from  35  feet  to  40  feet  wide. 

The  intermittent  and  unsatisfactory  manner  in  which  road  repairs  were 
carried  out  in  this  country  up  to  about  the  beginning  of  the  last  century 
appears  to  have  been  intolerable,  and  no  real  improvement  was  effected 
(although  Metcalf  made  many  new  roads  successfully)  till  the  advent  of 
Macadam  and  Telford.  These  two  latter  road-makers  were  contempo- 
raneous and  in  some  respects  advocates  of  rival  systems,  and  may  be  looked 
upon  as  the  pioneers  of  good  road  construction.  The  methods  adopted  in 
effecting  improvements  and  repairs  were  based  on  scientific  principles,  and  the 
building  of  many  bridges,  where  fords  and  ferries  formerly  existed,  established 
a  better  means  of  communication  between  different  parts  of  the  country. 

Metcalf. — John  Metcalf  was  bom  at  Knaresborough  in  1717,  and  had 
the  misfortune  to  lose  his  sight  through  illness,  when  only  six  years 
of  age.  After  being  successively  a  fiddler,  soldier,  horse-dealer,  and 
carrier,  he  seems  to  have  undertaken  in  1765  a  sub-contract  for  constructing 
a  portion  of  the  new  road  between  Boroughbridge  and  Harrogate,  extending 
to  three  miles,  a  trusty  foreman  carrying  out  his  plans.  As  a  road-maker  his 
operations  extended  to  Lancashire,  Cheshire,  Yorkshire,  and  Derbyshire,  in 
which  counties  he  constructed  about  180  miles,  involving  in  some  instances 
the  erection  of  many  bridges,  the  building  of  retaining  walls  and  culverts, 
and  crossing  difficult  bogs  in  a  successful  manner.  Metcalf  died  in  1810  at 
the  age  of  ninety-two. 

Macadam. — John  Loudon  Macadam  was  bom  at  Ayr,  in  Scotland,  in 
1756,  and  educated  at  the  parish  school  of  Maybole.  He  passed  his  youth 
in  the  United  States  of  America,  but  retumed  to  Scotland  at  the  close  of  the 
War  of  Independence  (1783).  Immediately  thereafter  he  acted  as  a  road 
trustee,  was  appointed  manager  of  a  district  in  Ayrshire,*  and  originated 
and  successfully  practised  for  many  years  the  system  of  road  making  and 

*  Chambers's  Eneyelcpcedia, 
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repairing  now  known  by  his  name.  He  held  a  government  appointment 
from  1796,  and  resided  in  Falmouth  and  afterwards  in  Bristol,  when,  in 
1815,  he  was  appointed  surveyor  of  roads  in  the  latter  town.  It  was  in 
Bristol,  where  the  roads  extended  to  178  miles,  that  he  had  full  scope  for 
putting  into  practice  the  great  improvements  in  road  making  which  had 
occupied  his  thoughts,  and  which  he  had  successfully  carried  out  when  in 
charge  of  the  Ayrshire  roads  many  years  previously.  This  was  "to  put 
broken  stone  upon  a  road,  which  shall  unite  by  its  own  angles  so  as  to  form 
a  solid  hard  surface."  ''It  follows,"  he  adds,  "that  when  that  material  is 
laid  upon  the  road  it  must  remain  in  the  situation  in  which  it  is  placed 
without  ever  being  moved  again,  and  what  I  find  fault  with  in  putting 
quantities  of  gravel  on  the  road  is  that,  before  it  becomes  useful  it  must 
move  its  situation  and  be  in  constant  motion."  *  The  distinctive  novelty 
of  Macadam's  system,  the  value  of  which  has  been  established  by  universal 
experience,  was  to  substitute  small  angular  stones,  prepared  from  larger 
pieces,  for  the  large  rounded  stones  then  generally  made  use  of  in  road 
repairs. 

Macadam's  system  of  construction  was  simply  to  spread  broken  stones^ 
2  inches  in  diameter,  equally,  so  as  to  form  a  layer  about  10  inches  thick 
over  the  road  surface,  after  it  has  been  levelled  and  properly  drained 
where  necessary.  The  convexity  given  was  just  sufficient  to  cause  the  rain- 
water to  run  readily  off  the  surface  into  the  side  channels. 

Macadam  found  the  roads  in  the  Bristol  district  loaded  with  material  of 
large  and  irregular  size,  to  the  extent  of  from  2  to  3  feet  in  thickness.  This 
great  amount  of  rough  material  (limestone)  he  utilized  by  lifting  or  excavat- 
ing the  whole  mass,  separating  it  from  the  mud,  and  breaking  the  stones  to  a 
uniform  size  of  6  oz.  in  weight.  The  formation  of  the  road  was  then 
properly  levelled,  and  drainage  introduced  where  necessary,  the  metal  pre- 
pared from  the  rough  material  being  carefully  relaid,  and  regularly  raked 
during  the  process  of  consolidation  by  the  carriages  passing  over  it.  The 
surface  of  the  roads  was  kept  oven  and  clean  by  the  addition  of  proper  fresh 
materials,  when  necessary,  distributed  equally  in  thin  layers  immediately 
after  rain,  in  order  that  the  new  materials  might  bind  and  incorporate 
properly  with  the  old.  Macadam  strongly  condemned  the  use  of  binding 
material  for  filling  up  the  interstices  in  the  metal,  which  he  left  to  work  in 
and  unite  by  its  own  angles  by  means  of  the  traffic.  He  says  "  that  every 
road  is  to  be  made  of  broken  stones,  without  mixture  of  earth,  clay,  chalk, 
or  any  other  matter  that  will  imbibe  water  and  be  affected  by  frost." 

When  reconstructing  or  repairing  a  road.  Macadam  endeavoured  to  have 
the  whole  of  the  material  composing  it  higher  than  the  surface  of  the  adja- 
cent ground,  so  as  to  give  every  facility  for  the  water  to  escape  from  the 
bottom  as  well  as  from  the  surface  of  the  road.     The  size  of  metal  adopted 

*  Report  of  the  Select  Committee  on  the  Highways  of  the  Kingdom^  1819,  p.  22. 
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by  Macadam  was  that  of  a  cube  of  IJ  inch;  he  preferred,  however,  to 
specify  the  weight  of  the  stone,  and  insisted  that  it  should  not  weigh  more 
than  6  ox. 

His  system  of  maintaining  the  surface  of  a  road  was  found  so  beneficial 
that  he  was  engaged  as  general  surveyor  by  many  of  the  road  trusts  in 
England  and  Scotland.  By  his  business-like  and  extended  views  on  road 
administration,  he  not  only  reduced  the  debts  previously  incurred  and 
placed  the  finances  of  the  many  trusts  on  a  sound  basis,  but  established  for 
himself  a  world-wide  reputation. 

In  1824  the  Road  Trustees  of  the  Carse  of  Gowrie  Turnpike  Road 
(Perthshire),  between  Perth  and  Dundee,  consulted  Macadam  as  to  the 
repairs  on  this  highway,  which  was  gradually  falling  into  a  state  of  such 
great  deterioration  that  travelling  over  it  was  disagreeable,  while  the  Trus- 
tees had  been  threatened  with  a  prosecution  at  the  instance  of  the  Post- 
master-General on  account  of  the  delay  occasioned  to  the  mail  coaches. 
The  Trustees  considered  the  annual  expenditure  for  the  maintenance  of 
this  road  beyond  what  they  deemed  necessary  under  the  circumstances. 
From  the  correspondence  which  took  place  between  the  Road  Trustees  and 
Macadam,  it  would  appear  that  the  prevailing  practice  in  Scotland  and 
many  districts  in  England,  when  forming  new  roads,  was  to  excavate  a 
trench  or  metal  box  in  which  the  stones  were  placed;  in  other  words, 
the  material  was  deposited  below  the  natural  surface  of  the  ground,  so 
that  a  mound  of  earth  was  raised  on  either  side  of  the  metal  bed.  The 
subsoil  in  this  part  of  the  country  through  which  the  turnpike  road 
passed  being  of  retentive  clay,  Macadam  decided  to  lift  the  existing  road, 
and  thoroughly  drain  the  road  bed.  He  also  found  it  necessary  to  break 
the  large  stones,  some  of  which  were  9  inches  in  diameter,  to  a  regular  size, 
and  relay  the  metalling  carefully,  any  deficiency  in  quantity  being  made  good 
with  a  supply  of  fresh  materials.  The  result  of  these  improvements  was 
a  thoroughly  serviceable  road,  and  the  expressions  of  gratitude  conveyed  to 
Macadam  by  the  Carse  of  Gowrie  Road  Trustees  is  a  clear  proof  of  the  great 
benefit  arising  from  the  system  adopted  in  repairing  their  roads ;  the  saving 
effected  in  the  maintenance  placed  the  funds  of  the  Trust  in  a  sound 
financial  position.  It  may  be  interesting  to  note  that,  at  the  time  when 
Macadam  was  engaged  by  so  many  road  trusts,  he  had  a  staff  of  300 
sub-surveyors  under  his  charge.  In  1827  he  acted  as  General  Manager 
of  the  Metropolitan  Roads.  The  system  advocated  by  Macadam  was  so 
popular  at  one  time  that  expensively  paved  streets,  such  as  that  between 
Edinburgh  and  Leith,  were  torn  up  to  be  remade  by  the  new  process.  On 
streets  having  an  excessively  heavy  traffic,  Macadam's  system  of  construction 
has  no  place,  and  Dublin  is  instanced  as  a  failure  of  his  method  of  road 
repairs. 

It  is  said  that  Macadam  was  anticipated  in  his  system  of  a  regularly 
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broken  stone  covering  by  Mr.  Edgeworth,  an  Irish  proprietor,  whose 
system  was  advocated  in  An  Essay  on  the  Construction  of  Roads  and 
Carriages^  a  second  edition  of  which  was  published  in  1817.  An  article 
which  appeared  in  the  Westminster  Review  in  1825  states  that  ''The  name 
of  Mr.  Macadam  deserves  a  few  remarks  for  other  reasons  than  its  present 
popularity.  The  public  naturally  took  to  him  as  a  sort  of  magician,  and  his 
invention,  as  it  is  thought,  as  something  preternatural." 

"  If  his  own  name  had  not  been  macadamizable  into  a  verb,  it  is  probable 
that  his  roads  would  have  been  little  known.  He  did  not  invent  the 
method  in  question  of  breaking  stones,  because  it  had  long  been  the 
practice  of  Sweden,  Switzerland,  and  other  countries,  and  was  long  known 
to  every  observing  traveller."  ♦ 

In  view  of  what  has  been  stated,  it  seems  curious  that  the  road  engineers 
in  France,  where  the  highways  were  considered,  at  the  beginning  of  the  last 
century,  to  be  superior  to  any  in  Europe,  should  not  have  adopted  the 
system  which  it  is  said  prevailed  in  the  countries  mentioned,  in  preference 
to  Macadam's  method,  which  was  practised  between  1820  and  1830  and 
officially  adopted  in  that  country  at  the  latter  date. 

It  may  be  further  mentioned  that  the  system  promulgated  by  Macadam 
was  practised  by  him  in  Ayrshire  at  least  thirty  years  previous  to  the  appear- 
ance of  Edgeworth's  essay  or  the  article  referred  to  in  the  Westminister 
Review, 

It  is  considered  by  all  impartial  observers  that  Macadam  was  the 
pioneer  of  good  road  construction  and  administration,  and  by  his  practical 
abilities  was  entitled  to  the  reputation  of  a  public  benefactor.  He  died 
at  Moffat  in  1836  at  the  age  of  80  years. 

Telford. — Thomas  Telford  was  born  in  the  district  of  Eskdale,  in  the 
county  of  Dumfries,  on  the  9th  of  August  1757,  and  obtained  the 
rudiments  of  his  education  in  the  parish  school  of  Westerkirk.  Learning 
the  trade  of  a  mason,  he  subsequently  studied  architecture  in  Edinburgh, 
and  latterly  in  London,  and  being  a  man  of  ability  he  soon  established 
himself  as  a  leading  engineer. 

Bridge  building  was  his  great  forte,  but  he  carried  out  many  other 
engineering  works,  particularly  that  of  laying  out  and  constructing  new 
roads  in  all  parts  of  the  kingdom.  He  held  the  appointment  of  Surveyor  of 
Public  Works  in  Shropshire  subsequent  to  the  year  1787,  and  in  that 
capacity  he  erected  many  fine  bridges  over  the  Severn. 

His  first  undertaking  as  a  road-maker  on  an  extensive  scale  was  in  the 
Highlands  of  Scotland,  whither  he  was  sent  by  the  Government  in  1802  to 
report  as  to  the  best  means  of  developing  the  resources  of  the  country. 

*  The  WestminaUr  Review,  vol.  ir.  (July,  October)  p.  854.  "  The  Gommeroial 
Power  of  Britain."  By  the  Baron  Dnpuit,  etc.  Translated  from  the  French.  0.  Knight, 
London,  1825. 
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He  advised  the  opening  out  of  the  country  hy  a  complete  system  of  roads,  so  as 
to  bring  the  interior  parts  into  communication  with  the  towns  and  the  coast. 

Under  his  direction,  and  by  the  aid  of  Parliamentary  grants,  amounting 
to  £450,000,  roads  extending  to  920  miles  were  laid  out  and  constructed, 
and  owing  to  the  hilly  and  rugged  nature  of  the  country,  works  of  con- 
siderable magnitude  had  to  be  undertaken,  including  1117  bridges.  This 
work  was  carried  out  in  the  course  of  eighteen  years,  under  120  con- 
tracts, and  without  recourse  being  had  to  a  court  of  law  in  any  one  instance. 

The  following  specification,  drawn  up  by  Telford  and  referring  to  the 
construction  of  the  Highland  Roads,  is  given  in  detail,  having  a  peculiar 
interest^  especially  at  the  present  time,  in  so  far  as  it  refers  to  one  of  the 
largest  pieces  of  road  making  undertaken  at  any  time  in  this  country. 

Gbnbral  Speoifioation  fob  thb  Highland  Roads. 

"The  road  to  be  formed  to  the  full  breadth  of  20  feet  in  the  clear, 
including  the  side  drain  and  green  margin,  except  on  places  where  there 
is  an  absolute  necessity  for  cutting  the  whole  breadth  of  the  road  in  solid 
rock;  and  in  those  places  the  breadth  of  the  road  shall  be  18  in  the 
dear,  between  the  parapets  which  may  be  necessary  for  a  safeguard,  and 
those  parapets  are  to  be  2  feet  in  thickness  at  the  bottom,  so  that  in  rock 
the  cutting  will  be  20  feet  in  breadth,  and  in  all  cases  the  road  is  to  be  so 
laid  out^  that  there  shall  be  no  quick  bendings,  nor  its  upper  side  interrupted 
by  points  of  rock. 

"  On  dry  bottomed  ground,  gravel  of  a  proper  quality,  out  of  which  all 
stones,  above  the  size  of  a  hen's  egg,  shall  have  been  previously  taken,  shall 
be  laid  to  a  depth  of  14  inches  in  the  middle,  and  9  inches  at  the  sides; 
but  the  stones  which  are  taken  out  of  the  gravel,  and  do  not  exceed  4 
inches  in  size,  may  be  laid  for  that  thickness  below  the  gravel,  and  in  that 
case  10  inches  only  of  cleansed  gravel  will  be  required. 

"  On  mossy  ground  or  swampy  soils,  if  the  moss  or  soft  matter  is  not 
more  than  2  feet  in  thickness,  and  a  hard  bottom  below  this  moss  or  soft 
matter,  it  is  to  be  wholly  removed,  and  the  road  formed  on  the  harder 
substance  as  above  described ;  but  when  the  moss  or  soft  matter  is  more 
than  2  feet  in  depth,  the  contractors  are  to  have  their  option  of  either 
removing  it^  or  forming  the  road  upon  the  top  of  it  in  the  following 
manner. 

*'  Where  the  surface  is  level,  and  covered  with  sound  sward  or  heath, 
there  must  be  laid  two  rows  of  swarded  turf,  with  the  swarded  side  of  the 
one  downwards  and  of  the  other,  which  is  to  receive  the  gravel,  upwards ; 
or  otherwise,  where  turf  cannot  be  readily  procured,  the  surface  of  the  moss 
or  soft  matter  may  be  covered  with  a  layer  of  brushwood  or  heath,  which, 
when  compressed,  shall  not  be  less  than  6  inches  in  thickness ;  upon  the 
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surface  so  compressed  and  prepared,  there  shall  be  laid  gravel,  cleaned  as 
before  described,  to  the  thickness  of  18  inches  in  the  middle  and  13  inches 
at  the  sides. 

"  In  all  cases,  whatever  be  the  nature  of  the  soil,  the  road  is  on  all  the 
flat  ground  to  be  brought  to  a  perfect  level  from  side  to  side,  before  the 
gravel  is  laid  on ;  but  in  all  cases  where  the  road  is  to  be  raised  on  the  one 
side  by  moved  ground,  while  the  upper  side  is  on  the  natural  ground,  the  lower 
side  of  the  road,  when  finished,  is  to  be  from  4  to  6  inches  higher  than  the 
upper  side,  in  proportion  to  the  quantity  of  moved  ground  on  the  lower  side. 

"  In  side  cuttings  in  steep  banks,  even  if  there  is  no  moved  ground  on 
the  lower  side,  still  the  lower  surface  of  the  finished  road  is  to  be  on  at 
least  4  inches  higher  level  than  the  upper  side.  Where  the  ground  is  level 
or  flat,  the  road  is  to  be  gravelled  to  18  feet  in  width,  and  to  have  a  border 
of  green  turf  on  each  side,  1  foot  in  width. 

"  When  the  road  is  formed  on  a  sloping  bank,  where  no  parapets  are 
necessary,  there  is  to  be  a  border  of  green  turf  on  the  lower  side  of  the  road, 
1  foot  in  breadth  in  the  clear. 

"  The  drains  are  to  be  formed  perfectly  regular,  and  so  as  the  course 
of  the  water  shall  not  be  interrupted  by  points  of  rocks  or  sudden  turnings ; 
and  where  the  soil  is  soft  and  loose,  these  drains  on  the  upper  side  of  the 
road  are  to  be  paved  with  small  stones,  not  less  than  4  inches  in  depth. 
These  pavements  are  to  be  made  at  the  places  pointed  out  by  the  inspector ; 
they  are  to  be  carried  to  the  extent,  and  made  in  the  shape,  he  shall  direct. 

"  Where  the  parapets  are  necessary,  the  road  is  to  be  gravelled  to  the 
breadth  of  18  feet  as  before  described.  And  also  the  said  contractors  bind 
themselves  and  their  foresaids  to  make  in  a  sufficient  manner  all  back 
drains,  of  such  dimensions,  and  in  such  directions,  as  shall  be  necessary 
for  efl'ectually  collecting  and  conducting  the  water  in  a  proper  manner  from 
the  higher  grounds  to  the  nearest  bridges  or  covered  drains,  especially 
where  the  road  is  formed  along  steep  and  sloping  banks,  and  the  ground  is 
wet  and  swampy,  and  that  at  the  places  which  shall  be  pointed  out  by  the 
said  surveyor,  so  that  the  road  shall  always  be  kept  free  from  water. 

"  Where  the  road  is  to  be  formed  upon  level  ground,  and  particularly 
where  it  is  mossy  and  swampy,  side  drains  are  to  be  made  of  sufficient  depth 
to  drain  the  groimd,  and  in  all  cases  quite  sufficient  to  carry  ofl*  the  water. 
These  side  drains  to  be  made  with  a  slope  from  the  road  to  within  1  foot 
of  the  further  side  of  the  drain,  so  that  if  the  depth  at  the  further  side  be 
30  inches,  the  width  at  top  shall  be  6  feet,  and  so  more  or  less  in  proportion 
to  the  depth,  and  which  side  drains  shall  be  made  at  the  places  approved 
of  by  the  surveyors :  and  also  to  make  covered  drains  of  dry  stones  at  all 
places  where  necessary ;  the  inside  walls  of  these  drains  are  not  to  be  less 
than  2  feet  in  thickness,  and  the  stones  for  that  length  to  be  laid  regular : 
these  covered  drains  shall  in  no  instance  (without  particular  directions  in 
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writing  from  the  principal  engineer  employed  by  the  Commissioners)  be 
leas  than  2  feet  square ;  they  are  to  be  properly  secured  in  the  bottom  by 
paving  with  stones  set  on  edge ;  the  pavement  as  well  as  the  sides  are  to  be 
secured  at  both  ends  of  the  drains  by  stone  work,  so  that  it  shall  appear 
evident  there  is  no  risk  that  they  shall  be  injured  by  the  water,  where  it 
enters  into  or  issues  from  the  drain.     The  stones  with  which  the  2  feet 
drains  are  covered  are  to  be  not  less  than  3  feet  in  length  and  4  inches  in 
thickness,  and  laid  so  close  together  on  stones  of  equal  length  overlapping 
each  joint,  as  shall  effectually  prevent  the  gravel  from  passing  down  into 
the  drain,  and  leaving  a  hole  in  the  road.     But  in  case  it  shall  be  discovered 
during  the  execution  of  the  road  that,  instead  of  some  of  the  2  feet,  the 
road  may  be  better  protected  by  making  a  greater  number  of  drains  of 
smaller  dimensions,  the  contractors,  upon  receiving  instructions  in  writing 
from  the  principal  engineer,  shall  execute  them  in  such  a  manner,  and 
counting  two  drains  of  18  inches,  or  three  drains  of  12  inches,  in  lieu  of 
one  drain  2  feet  square^  and  in  case  of  drains  of  18  inches  being  made, 
the  stones  of  the  covers  shall  not  be  less   than   30  inches  in  length;   if 
12  inches,  the  covers  to  be  2  feet  in  length ;  and  in  order  to  secure  the 
due  execution  of  the  said  covered  drains,  it  is  expressly  declared  that  the 
same  shall  be  subjected  to  the  inspection  and  approval  of  the  resident 
surveyor  before  the  covers  are  laid  on,  that  he   may  be  satisfied  that 
the  bottoms  are  properly  paved,  and  the  sides  are  built  in  a  sufficient 
manner;  and  after  the  said  drains  are  covered,  the  backs  of  the  build- 
ings are  to  be  made  up  with  stones   to  the  level   of  the  upper  beds  of 
the  covers,  and  the  said  drains  shall  be  constructed  so   that  they  shall 
have  a  sufficient  covering  of  gravel,   not  exceeding    12   inches,   to  the 
satisfaction  of  the  surveyor,  without  causing  any  swell  on  the  road.     And 
also  the  said  contractors  bind  and  oblige  themselves,  and  their  foresaids,  to 
build  and  erect  breastworks  of  stone  at  all  places  where  necessary  on  the 
lower  side  of  the  road,  along  the  side  of  water-courses,  or  on  sloping  banks, 
or  on  rocks ;  the  foundation  of  the  said  breastwork  must  be  cut  into  the 
rock  or  solid  ground  for  the  whole  breadth  of  the  base  of  the  wall  or  breast- 
work which  is  to  be  placed  on  it,  as  hereafter  described,  and  its  direction 
is  to  be  dipping  into  the  hill  at  a  right  angle  with  the  slope  of  the  face  of 
the  breastwork.     If  it  shall  be  necessary  to  make  the  breastwork  3  feet  in 
height,  from  the  foundation   to  the  level  of  the  lower  side  of  the  road, 
the  breadth  of  the  foundation  shall  be  24  inches,  and  18  inches  at  the 
top,  or  level  of   the   lower  side  of  the  road.     If   the  height  is  4  feet, 
the  breadth  of  the  foundation  is  to  be   30   inches,  and  at  the   top   24 
inches.      If   the  height  is   6  feet,  the  breadth   at   the  foundation  is  to 
be  3  feet,  and  2  feet  at  the  top.     If   the  height  is  8   feet,  the   breadth 
of  the  foundation  is  to  be  4  feet,  and  at  the  top  2  feet,  and  so  on  in 
proportion  to  any  greater  or  lesser  height.     In  forming  these  breastworks, 
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the  stones  are  to  be  laid  in  regular  manner,  quite  through  the  thickness  here 
described ;  the  slope  which  is  necessary  to  bring  the  wall  to  its  thicknen 
at  the  top  is  all  to  be  taken  off  the  outside,  and  the  stones  are  to  be  laid 
mostly  lengthwise  into  the  wall ;  the  space  behind  the  breastwork  and  natural 
ground,  up  to  the  level  of  the  top  of  the  formed  roadway,  is  to  be  filled  up 
with  coarse  gravel  or  stones  (neither  sand,  sods,  nor  moss  to  be  used),  and  if 
with  stones  they  are  to  be  covered  and  brought  to  the  levels  formerly  described, 
with  a  layer  of  strong  swarded  turf,  before  the  cleansed  gravel  is  laid  on. 

"  At  all  times,  when  the  nature  of  the  cutting  makes  it  possible,  the 
resident  overseer  shall  have  an  opportunity  of  examining  the  breastwork 
when  completed,  before  the  inner  side  shall  be  filled  up  with  stones  or 
gravel  as  aforesaid ;  and  also,  where  it  shall  be  necessary  for  the  due  execu- 
tion of  the  said  road,  to  erect  parapet  Walls  above  breastworks,  or  upon 
rock,  they  are  to  be  built  with  stones  laid  in  good  lime  mortar,  agreeably  to 
the  ground  report. 

''These  parapets  are  to  be  2  feet  wide  at  the  foundation,  and  18  inches 
at  the  top.  The  height  above  the  finished  roadway  is  to  be  2  feet  9  inches, 
including  a  coping  of  stones  9  inches  deep.  These  coping  stones  are  to  be 
chosen  so  as  to  meet  one  another  in  close  regular  beds  or  upright  joints,  to 
be  firmly  wedged  together,  and  pointed  with  lime  mortar. 

''  At  each  extremity  of  the  parapets  the  copings  are  to  be  well  secured 
with  the  ends  turned  down  under  the  roadway,  and  also  where  it  shall  be 
necessary  in  forming  the  road,  to  cut  and  remove  earth  from  the  higher  side, 
to  the  depth  of  2  feet  or  more,  the  road  must  be  formed  21  feet  6  inches 
wide,  and,  to  prevent  the  earth  from  falling  into  the  drain  on  the  upper  side 
of  the  road,  a  wall  of  dry  stones  must  be  erected  of  a  height  according  to 
the  depth  of  the  cut.  The  foundation  of  these  retaining  walls  is  to  be  laid 
in  all  cases  6  inches  below  the  bottom  of  the  drain,  on  the  upper  side  of  the 
road :  there  the  thickness  is  to  be  from  15  to  18  inches  to  the  height  of 
4  feet ;  above  that  height,  they  are  to  be  one-third  of  the  thickness.  The 
stones  with  which  they  are  to  be  constructed  are  to  be  laid  in  a  regular 
and  workmanlike  manner  for  the  whole  thickness  of  the  wall :  they  are  to 
be  carried  to  such  a  height,  that  the  slope  from  them  to  the  solid  ground  of 
the  bank  above  is  not  to  be  less  than  two  horizontal  to  one  perpendicular, 
and  that  slope  to  be  covered  with  turf  laid  flat. 

"  And  further,  the  contractors  are  to  be  bound  to  cut  down  all  heights, 
fill  up  all  hollows,  and  blast  all  rocks  upon  the  said  line  of  roads,  as 
pointed  out  by  the  said  reports,  and  which  shall  be  requisite  and  necessary 
for  the  same  :  and  further,  the  said  line  of  road  shall  be  formed  and  pre- 
pared for  the  gravel  for  one  mile  at  least  per  advance  to  the  satisfaction  of 
the  surveyor  employed  by  the  said  commissioners  before  any  of  the  cleansed 
gravel  is  laid  on."  ♦ 

•  Creay's  Encyclopcedia  of  Civil  Engineering^  1847. 
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Where  the  ground  on  which  the  road  materials  were  to  be  spread  was 
of  a  soft  nature,  a  concrete  foundation  composed  of  lime  and  gravel  or  hard 
atone,  and  varying  in  thickness  from  6  inches  to  12  inches,  was  spread  over 
the  entire  surface,  and  broken  stones  laid  on  before  the  concrete  became  set, 
80  that  it  might  bed  itself  and  become  firmly  united  with  it. 

Telford,  in  1816,  directed  the  works  in  connection  with  the  improving 
of  the  road  between  Glasgow  and  Carlisle,  the  old  road  having  become  impass- 
able. The  improvement  and  reconstruction  of  this  road  were  undertaken  as  a 
work  of  national  importance,  and  £50,000  were  granted  by  Parliament  with 
this  object.  The  method  of  constructing  this  road  differed  materially  from 
thoee  carried  out  in  the  Highlands,  as  it  was  necessary  to  provide  for  the 
transit  of  the  mail  and  heavy  coaches,  the  gradients  being  made  easy, 
not  exceeding  1  in  30.  The  old  road  was  in  length  102  miles;  the 
existing  one  is  not  more  than  93,  and  in  order  to  gain  this  nine  miles  it 
was  necessary  to  reconstruct  69  miles  entirely,  and  to  build  fifteen  new 
bridges,  excluding  which  the  cost  of  the  road  making  was  about  £1000  per 
mile.  It  was  specified  "  that  the  breadth  was  to  be  34  feet  between  the 
fences,  18  of  which  were  to  be  metalled,  and  the  remaining  8  feet  on 
each  side  to  be  covered  with  gravel.  In  all  embankments  the  width  on 
the  top  to  be  30  feet,  and  the  side  slopes  1^  horizontal  to  1  perpendicular; 
in  all  cuttings  above  5  feet  the  width  between  the  lower  skirts  of  the 
slopes  30  feet^  all  below  that  depth  to  be  34  feci  The  slopes  of  all  the 
cuttings  to  be  at  the  same  rates  as  the  embankments. 

"  The  surface  of  the  road  longitudinally,  or  lengthwise,  in  all  cases  where 
there  were  cuttings  and  embankments,  to  be  formed  as  shown,  and  in  no 
instances  the  ascents  or  descents  to  exceed  1  in  30,  and  the  changes  from  one 
to  the  other  to  be  made  in  regular  curves,  to  the  satisfaction  of  the  inspector. 

"Where  there  were  side  cuttings,  and  a  part  of  the  road  made  on 
moved  ground,  the  surface  of  the  lower  part  or  moved  ground  to  be  higher 
than  that  of  the  upper  side  to  allow  for  consolidation,  so  that  when  finished 
it  might  have  the  proper  level.  In  the  middle  of  the  road  a  metal  bed  to  be 
formed,  and  in  all  cases  where  the  ground  was  nearly  level,  the  metal  to  be 
laid  upon  the  natural  surface  of  the  ground,  so  as  to  have  a  curvature  of 
4  inches,  in  the  middle  18  feet,  and  the  sides  or  shouldering  to  be  made 
with  moved  ground,  but  on  no  account  is  the  metal  bed  to  be  cut  out  of 
the  natural  ground,  unless  that  be  loose  gravel  or  rock. 

"  The  metalling  to  consist  of  two  beds  or  layers,  viz.,  a  bottom  course  of 
stones,  each  7  inches  in  depth,  to  be  carefully  set  by  hand,  with  broadest 
end  downwards,  all  cross  bonded  or  jointed,  and  no  stone  to  be  more  than 
3  inches  wide  on  the  top.  These  stones  to  be  either  good  whinstone,  lime- 
stone, or  hard  freestone ;  the  vacuities  between  to  be  carefully  filled  with 
smaller  stones  packed  by  hand,  so  as  to  bring  the  whole  to  an  even  and 
firm  surface. 
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''The  top  course  or  bed  to  be  7  inches  in  depth,  to  consist  of  properly 
broken  stones,  none  to  exceed  6  ounces  in  weight,  and  each  to  pass  througji 
a  circular  ring  2^  inches  in  diameter  in  their  largest  dimension.  These  to  be 
of  hard  whinstone,  the  quality  of  both  bottom  and  top  metal  to  be  determined 
by  the  inspector.  In  every  100  yards  in  length  on  each  side  of  the  road, 
upon  an  average,  there  was  to  be  a  small  drain  from  the  bed  of  the  bottom 
layer  to  the  outside  ditch,  as  directed  by  the  inspector.  When  the  height 
of  the  embankments  exceeded  3  feet,  they  were  to  stand  from  one  to  three 
months,  in  proportion  as  they  increased  in  depth,  as  determined  by  the  in- 
spector. Over  the  upper  bed  or  course  of  metal  to  be  a  binding  of  gravel  of  1 
inch  in  thickness  upon  an  average ;  the  cross-section  of  the  finished  roadway 
to  have  a  curvature  of  6  inches ;  in  the  middle  18  feet,  and  from  that  on  each 
side  a  declivity  at  the  rate  of  half  an  inch  in  a  foot,  to  within  18  inches  of  the 
fences ;  the  remaining  space  of  1 8  inches  to  have  a  curvature  of  3  inches, 
making  in  all  about  9  inches  on  each  side  below  the  finished  roadway. 

''  In  passing  morassy  ground  all  the  surface  upon  which  the  road  is  to  be 
placed,  viz.,  between  the  fences,  to  be  brought  to  a  curvature  of  12  inches 
in  the  middle,  and  to  be  secured  with  two  rows  of  good  swarded  turf,  the 
lower  end  to  be  laid  with  the  swarded  side  downwards,  and  the  upper  one 
with  it  upwards.  The  metalling  upon  the  said  mossy  ground  to  be  made 
20  feet  in  width ;  a  drain  to  be  cut  alongside  of  the  road,  4  feet  wide  at  the 
top,  18  inches  at  the  bottom,  and  3  feet  deep. 

"  Gross  Drains, — Nine  to  be  made  in  every  mile  in  length,  placed  in 
situations  marked  out  by  the  inspectors;  18  inches  wide,  16  inches  high  at 
the  upper  end,  and  22  inches  high  at  the  lower  end ;  their  bottoms  to  be 
paved  with  flat  or  small  pebble  stones,  4  inches  in  depth.  The  foundations 
of  the  side  walls  to  be  laid  at  least  6  inches  below  the  level  of  the  bottom 
of  the  drain,  and  these  not  to  be  less  than  18  inches  in  thickness,  laid  in 
regular  courses,  faced  on  both  sides  in  the  manner  of  a  good  stone  dyke. 
The  top  of  each  to  be  properly  levelled,  and  covered  with  a  firm  turf  2 
inches  in  thickness  to  form  a  bed  for  the  covers.  The  covers  to  be  2  feet 
6  inches  in  length  and  4  inches  in  thickness ;  their  aide  joints  to  be  made 
straight,  so  as  to  unite  closely,  the  parts  which  lie  on  the  turf  to  be  flat. 

"These  drains  must  be  of  a  length  not  only  to  cross  the  road,  but  the 
fences  on  each  side,  also  the  slopes  of  the  embankments,  and  pass  fairly 
into  the  fields  or  natural  water-courses ;  from  the  ends  of  the  drain,  wing 
walls  to  be  extended  5  feet  in  a  curved  direction  into  the  solid  ground, 
these  to  be  of  the  same  thickness  as  the  side  walls,  founded  at  the  same 
depth,  and  carried  to  the  same  height,  and  coped  with  two  rows  of  swarded 
turf.  The  bottom  between  the  wing  walls  to  be  paved  with  stones  not  less 
than  6  inches  in  depth,  and  well  secured  at  the  extremities  by  stones  12 
Inches  in  depth,  and  these  to  be  well  secured  at  the  upper  ends,  and  con- 
nected with  the  firm  ground  and  side  drains.     The  whole  body  of  the  drain 
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to  be  of  such  a  depth  as  to  admit  of  a  turf  being  laid  over  the  covers,  and 
the  full  quantity  of  road  metal  and  binding,  without  raising  the  longitudinal 
line  of  road.  At  each  end  of  the  cross  drains,  the  water  which  passes  along 
the  side  of  the  road  to  be  introduced  by  a  proper  opening,  protected  by  a 
stone  cover ;  this  entrance  to  be  paved  at  least  5  feet  in  length.  In  passing 
through  morassy  ground,  the  bottom  of  the  drains  to  be  laid  with  flat 
stones  quite  across,  and  at  least  12  inches  under  each  side  wall,  to  be  con- 
tinued quite  to  the  extremity  of  the  wing  walls. 

''  To  keep  this  road  in  repair  after  it  was  made  required  at  the  least  80 
eobe  yards  of  broken  stone  per  mile,  and  at  the  most  120  per  annum ;  the 
cost  of  which  varied  from  £20  to  £46  per  mile."  ♦ 

Fig.  5  is  a  cross-section  of  the  Glasgow  and  Carlisle  Road,  showing  cross 
and  8w/ace  water  drains. 

From  Scotland  Telford  extended  his  operations  to  England  and  Wales, 
where  the  roads,  which  had  been  laid  out  some  years  previously,  were  in 
such  a  condition  as  to  require  to  be  reconstructed.  The  Government  in 
1815  engaged  Telford  to  make  the  Shrewsbury  and  Holyhead  Boad — one 

f» /s:{/ — ^, 
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Fio.  5. — Cro88-8ection  of  road  showing  cross  and  surface  water-drains. 

of  the  finest  pieces  of  road-engineering  carried  out  up  to  that  time  in  the 
world,  and  the  Menai  and  Conway  bridges  in  connection  with  it.  This 
road  was  considered,  owing  to  its  lying  in  the  direct  line  of  communication 
between  England  and  Ireland,  of  sufficient  importance  to  be  deemed  a 
National  undertaking.  Its  condition,  along  with  the  portion  to  London,  was 
reported  on  annually  by  Telford  till  his  deatL 

The  construction  of  this  road  is  practically  similar  to  that  of  the  Glasgow 
and  Carlisle  road,  a  cross-section  of  a  30  feet  roadway  being  shown  at  fig.  6. 

Such  were  the  great  improvements  effected  by  Telford  in  carrying  out 
these  works,  that  the  Select  Committee  of  the  House  of  Commons  in 
reporting  on  the  matter,  stated  as  follows : — 

**  The  professional  execution  of  the  new  works  upon  this  road  greatly 
surpasses  anything  of  the  same  kind  in  these  countries. 

"  The  science  which  has  been  displayed  in  giving  the  general  line  of  the 
road  a  proper  inclination  through  a  country  whose  whole  surface  consists  of 

*  Cresy's  Sttq/clopccdia  qf  Civil  Engineering^  1847. 
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a  succession  of  rocks,  bogs,  ravines,  rivers,  and  precipices  reflects  the 
greatest  credit  upon  the  engineer  who  has  planned  them;  but  perhaps  a 
still  greater  degree  of  professional  skill  has  been  shown  in  the  construction, 
or  rather  the  building  of  the  road  itself.  The  great  attention  Mr.  Telford 
has  bestowed  to  give  to  the  surface  of  the  road  one  uniform  and  moderately 
convex  shape,  free  from  the  smallest  inequality  throughout  its  whole 
breadth,  the  numerous  land  drains,  and,  where  necessary,  sewers  and 
tunnels  of  substantial  masonry  with  which  all  the  water  arising  from 
springs  or  falling  in  rain  is  instantly  carried  off;  the  great  care  with  which 
a  sufficient  foundation  is  established  for  the  road,  and  the  quality,  solidity, 
and  disposition  of  the  materials  that  are  put  upon  it,  are  matters  quite  new 
in  the  system  of  road  making  in  these  countries."  * 

K.-^:^i.Hh... _../5:o'-_. ^...6:o.\^^ 
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Fio.  6. — Cross-section  of  Shrewsbury  and  Holyhead  Road — ^Telford. 

The  following  rules  were  prepared  by  Telford  in  1820,  as  instructions  to 
those  in  charge  for  the  proper  maintenance  of  the  road  between  London 
and  Shrewsbury,  at  the  instance  of  the  Parliamentary  Commissioners : — 

Genbral  Eules  fob  Ebpairing  Roads. 

i.  8hapb  or  cross-sbction. 

RvXe  1. — Upon  a  road  of  30  feet  in  width,  the  sides  should  be  9  t 
inches  below  the  surface  of  the  middle.  The  best  line  of  the  cross-section 
is  a  segment  of  a  flat  ellipse.  This  shape  not  only  assists  the  water  to  pass 
from  the  centre  towards  the  sides,  but  contributes  to  the  drying  of  the  road 
by  allowing  the  action  of  the  sun  and  air  to  produce  a  great  degree  of 
evaporation.  Surveyors  ought  to  use  a  level  in  giving  roads  a  proper  shape, 
in  order  that  the  surface  may  be  of  one  uniform  curvature,  without  the 
smallest  deviation  in  any  one  spot  from  the  prescribed  line  of  the  cross- 
section. 

II.    DRAINAOB. 

Rule  2. — All  ditches  ought  to  be  on  the  field  side  of  the  road  fences, 
and  to  be  connected  with  the  natural  water-courses  of  the  country. 

*  Report  from  the  Select  Committee  on  the  Road  from  London  to  Holyhead  in  the 
year  1819. 

t  Telford  afterwards  couaidered  6  inches  sufficient  for  this  width. 
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The  stone  cross  drains  and  culverts  which  pass  under  the  road  should 
be  numerous^  and  continued  through  under  the  fences  into  the  ditches. 

In  order  to  keep  a  road  perfectly  dry,  openings  of  mason- work  should 
be  made  from  the  side  drains  of  the  road  into  all  these  cross  drains,  to 
carry  off  the  water  collected  from  the  surface  of  it.  The  bottom  of  these 
cioflB  drains  must  be  weU  paved,  particularly  at  these  openings. 

It  ought  never  to  be  forgotten  that  in  order  to  have  the  surface  of  a 
road  perfect^  it  must  be  kept  completely  dry. 

All  land  springs  ought  to  be  carried  from  the  side  of  the  road  by 
under-draining. 

III.   TBBB8  AND   FBN0B8. 

Rule  3. — It  is  absolutely  necessary  to  remove  trees  from  the  sides  of 
roads,  and  to  keep  the  fences  under  5  feet  in  height.  Not  less  than  20 
per  cent,  of  the  expense  of  repairing  roads  is  incurred  by  the  trees  and  the 
improper  state  of  the  fences  keeping  the  roads  wet,  and  by  that  means 
occasioning  the  rapid  destruction  of  the  materials. 

rV.    MATERIAIfl. 

Ride  4. — ^Where  the  materials  are  quarry  or  field  stones,  the  hardest  part 
of  them  should  only  be  used.  Elach  stone  should  be  so  broken  that  it  may,  in 
its  largest  dimension,  pass  through  a  ring  2^  inches  in  diameter.  Hammers 
with  slender  handles,  light  and  well-steeled,  must  be  made  on  purpose  for 
breaking  them.  This  work  ought  always  to  be  done  by  measure,  either  at 
the  quarries  or  in  proper  recesses  made  for  the  purpose  on  the  sides  of 
the  road.  Men  who  are  past  hard  labour,  and  women  and  boys  may  be 
employed  on  it. 

Rule  5. — Where  the  materials  consist  of  gravel,  the  stones  only  which 
exceed  1|  inch  in  size  should  be  taken  from  the  pits  for  the  repairing  of 
the  middle  part  of  the  road,  of  1 8  feet  in  breadth.  These  ought  to  be  raked 
together  as  the  gravel  is  thrown  up  by  the  workmen.  This  process  will,  in 
meet  cases,  save  the  expense  of  riddling  and  washing  the  gravel.  The  small 
gravel  and  gravelly  portions  of  the  pit  may  be  used  for  the  sides  of  the  roads 
and  the  footpaths.  Every  gravel  stone  which  exceeds  1|  inch  in  size  ought 
to  be  properly  broken,  either  in  the  pits  or  in  the  aforesaid  recesses.  A 
pronged  shovel  should  be  used  in  putting  the  stones  into  the  barrows. 
Surveyors  should  pay  very  particular  attention  to  this  rule,  because  the 
common  use  of  a  mixture  of  round  gravel  and  clay  is  a  public  nuisance, 
and  must  be  got  rid  of.  When  a  surveyor  obstinately  persists  in  this  prac- 
tice, the  trustees  should  dismiss  him. 

V.    DISPOSITION   OP    MATERIALS. 

Hule  6. — Where  a  road  has  no  solid  and  dry  foundation,  it  must  be  con- 
atmcted  anew.    It  must  be  well  drained,  and  put  into  a  proper  form.    Upon 
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the  18  centre  feet  of  it  stones  must  be  put,  forming  a  layer  7  inches  deep. 
Soft  stones  will  answer,  or  cinders,  particularly  where  sand  is  prevalent. 
These  bottoming  stones  must  be  carefully  set  by  hand,  with  the  broadest 
end  down,  in  the  form  of  a  close,  neat  pavement;  the  cavities  should  be 
filled  with  stone  chips  to  make  all  level  and  firm,  and  no  stone  should  be 
more  than  5  inches  broad  on  its  face.  This  proportion  of  a  solid  and  level 
foundation  is  the  most  essential  point  to  be  secured  in  order  to  have  a 
perfect  road,  and  that  the  draught  of  carriages  may  be  eased  as  much  as 
possible.  Over  this  bottoming  of  stones  or  cinders,  6  inches  of  stones,  of  a 
proper  quality,  broken  to  a  size  that  will,  in  their  largest  dimensions,  pass 
through  a  ring  of  2^  inches  diameter,  must  be  laid.  The  6  feet  of  the  road 
on  each  side  of  the  18  centre  feet  (making  30  feet),  when  formed  of  a  proper 
shape,  may  be  covered  with  6  inches  of  good  clean  gravel  or  small  stone 
chips. 

Where  a  road  has  some  foundation,  but  an  imperfect  one,  or  is  hoUow  in 
the  middle,  all  the  large  stones  appearing  on  the  surface  of  it  must  be  raised 
and  broken ;  the  18  centre  feet  of  it  must  then  be  covered  with  a  coating  of 
broken  stones,  suffioient  to  give  it  a  proper  shape,  and  to  form  a  bed  of  solid 
materials  of  at  least  1 3  inches  in  depth,  to  make  it  solid  and  hard. 

Where  a  road  already  has  a  good  foundation  and  also  a  good  shape,  no 
materials  should  be  laid  upon  it  but  in  thin  layers,  for  the  purpose  of  filling 
ruts  and  hollow  places  as  soon  as  they  appear.  Stones  broken  small,  as  above 
described,  being  angular,  will  fasten  together.  In  this  way  a  road,  when 
once  well  made,  may  be  preserved  in  constant  repair  at  a  small  expense. 

Where  the  breadth  of  that  part  of  a  road  which  alone  has  been  formed 
of  hard  materials,  and  over  which  the  carriages  commonly  pass,  is  less  than 
18  feet,  it  must  be  widened  with  layers  of  broken  stones  to  that  breadth, 
first  digging  away  the  earth  and  forming  a  bed  for  them  with  pavement  and 
broken  stones,  at  least  10  inches  deep.  Near  large  towns  the  whole  breadth 
of  the  roadway  should  be  covered  with  broken  stones. 

VI.    MANAGEMENT  OF   LABOUR. 

Ride  7. — All  labour  by  day's  wages  ought,  as  far  as  possible,  to  be  dis- 
continued. The  surveyors  should  make  out  specifications  of  the  work  of 
every  kind  that  is  to  be  performed  in  a  given  time.  This  should  be  let  to 
contractors,  and  the  surveyors  should  take  care  to  see  it  completed  according 
to  the  specifications  before  it  is  paid  for.  Attention  to  this  rule  is  most 
essential,  as  in  many  cases  not  less  than  two-thirds  of  the  money  usually 
expended  by  day  labour  is  wasted. 

In  all  probability  the  contract  system  was  introduced  with  a  view 
to  get  rid  of  the  paupers  then  employed  on  the  Holyhead  road,  as  Telford 
afterwards,  in  1819,  on  some  portions  of  this  road,  at  least,  placed 
foremen   in   charge  of    4   to   6    miles    of    road,   having   under   them   a 
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saflScient  number  of  labourers  to  keep  the  road  in  proper  shape.  Further, 
in  1823,  he  says  that  ''a  certain  number  of  labourers  ought  always  to 
have  the  care  of  the  surface  of  the  road,  and  never  quit  it  for  a  single  day 
to  do  anything  else ;  they  will  always  have  sufficient  to  do  in  spreading 
materials  in  ruts  and  hollows,  in  scraping  the  road,  in  cleaning  out  the  side 
channels  and  keeping  open  the  water-courses,  and  generally  in  maintaining 
the  road  in  a  clean  and  sound  state.  A  few  men  constantly  so  employed 
will  do  a  great  deal  towards  the  preservation  of  a  road,  while  the  greater 
number  of  workmen  should  be  as  constantly  employed  in  providing  materials 
by  contract  work." 

It  is  noticeable,  however,  that  in  the  Highlands  of  Scotland  and  in 
Wales,  where  the  population  was  sparse  and  labour  difficult  to  obtain,  that 
he  invariably  adopted  the  contract  system  of  maintaining  the  roads. 

Telford,  in  1830,  supplemented  these  foregoing  general  rules  by  the 
following  specification : — 

Spbcifioation  for  the  regulation  of  the  surface  between  the  fences,  so  as  to 

establish  uniformity  in  the  cross-section. 

1.  The  road  is  to  be  30  feet  wide,  with  a  fall  of  6  inches  from  the 

centre  to  the  side  channels,  but  exclusive  of  the  footpaths. 

2.  Two  sods  to  be  laid  on  each  side  of  the  road,  one  upon  the  other;  the 

lower  one  12  inches  wide,  the  upper  8  inches,  and  each  4|  inches 
in  thickness ;  and  in  such  manner  as  to  form  curved  edges  when 
they  grow  together ;  the  top  surface  of  the  sods  on  each  side  to  be 
exactly  on  the  same  level. 

3.  On  one  side  of  the  road  a  footpath  to  be  made  behind  the  sod ;  it  is 

to  have  an  inclined  surface  of  1  inch  in  a  yard  towards  the  road ; 
and  another  sod  to  be  laid  along  the  outer  edge  of  the  footpath, 
8  inches  wide,  on  a  level  with  the  footpath. 

4.  On  the  other  side  of  the  road  a  flat  mound  of  earth  to  be  formed 

behind  the  sods,  on  a  level  with  the  top  of  them,  5  feet  8  inches 
wide ;  the  surface  of  this  mound  to  be  made  with  sods  or  sown  with 
grass  seeds. 

6.  The  waste  land,  where  there  is  any,  on  each  side  between  the  foot- 
paths or  the  mound  and  the  road  fences,  to  be  dug  over  in  the 
breadth  of  4  feet,  at  right  angles  to  the  fences,  and  made  quite 
smooth ;  when  these  wastes  are  covered  with  grass,  the  sod  to  be 
pared  off  each  breadth  and  laid  on  the  breadth  last  dug;  when 
they  are  not  in  grass,  the  new  surface  is  to  be  sown  with  hay  seed. 

6.  If  there  is  a  ditch  on  the  roadside  of  the  fence,  or  if  the  road  fence 
consists  of  a  high  bank,  a  new  post  and  rail  fence  is  to  be  made 
close  along  the  footpath  and  mound,  with  a  ditch  on  the  field  side 
at  least  3  feet  deep. 
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An  instance  of  what  can  be  done  by  proper  engineering  in  the  laying 
out  of  a  new  road,  or  improving  the  gradients  of  an  existing  line  of  com- 
munication, may  be  gathered  from  the  following  facts  of  a  case  in  which 
Telford's  skill  as  an  engineer  may  be  dted.  An  old  road  in  the  island  of 
Anglesea,  24  miles  in  length,  so  undulated  that  a  horse  ascended  and 
descended  1283  feet  of  vertical  height  more  than  was  found  necessary  by 
the  new  line  of  road,  and  the  distance  was  shortened  by  2^  miles.  Another 
instance  of  what  could  be  done  in  relieving  the  public  of  unnecessary  and 
avoidable  ascents,  and  which  add  greatly  to  the  tractive  power  entailed, 
may  be  mentioned.  On  the  road  from  London  to  Bamet  the  rise  or 
number  of  perpendicular  feet  which  a  horse  must  now  ascend  is  upwards  of 
1300,  although  Bamet  is  only  500  feet  higher  than  London;  and  vice  versa^ 
a  horse  must  ascend  800  feet,  although  London  is  500  feet  lower  than 
Bamet. 

The  introduction  of  railways  in  this  country  had  a  disastrous  effect  on  the 
turnpike  system  of  collecting  revenue,  the  traffic,  mainly  passenger,  being 
diverted  to  the  more  expeditious  and  economical  means  of  locomotion.  This 
particularly  applied  to  roads  which  connected  large  towns,  and  after  the 
completion  of  the  railway  system,  running  in  many  cases  paraUel  to  these 
roads,  the  decreased  revenue  caused  by  the  diverted  traffic  and  revenue  was 
of  an  almost  revolutionary  nature,  thousands  of  stage-coaches  being  thrown 
out  of  employment.  Many  main  roads  became  of  little  importance;  but 
those,  including  statute  labour  roads,  running  at  an  angle  with  the  railways, 
connecting  the  districts  on  either  side,  became  the  great  feeders  in  the 
exchauge  of  products,  and  for  the  most  part  require  in  modem  times 
the  most  attention.  It  is  not  to  be  wondered  at,  therefore,  that,  as  the  rail- 
ways grew  in  favour,  the  revenue  of  the  '  turnpikes '  became  gradually  less 
each  year.  This  change  in  the  course  of  events  was  anticipated  by  many 
before  railway  communication  was  an  accomplished  fact,  and  methods  were 
proposed  to  meet  the  change  of  circumstances  which  would  necessarily  be 
entailed. 

It  was  not,  however,  till  many  years  after  the  new  mode  of  travelling 
came  into  existence  that  county  authorities  saw  the  necessity  for  a  change 
in  the  turnpike  system,  so  as  to  obtain  a  revenue  for  the  proper  maintenance 
of  the  roads. 

In  1865  and  following  years  '  local  Acts '  were  obtained,  abolishing  tolls 
in  certain  counties  in  Scotland,  and  in  1878  there  was  passed  for  this  pur- 
pose a  general  permissive  Act,  which  was  to  be  compulsory  after  1883, 
under  which  all  roads  are  classified  as  highways. 

The  method  of  raising  revenue  under  the  old  system  of  statute  labour, 
generally  commuted  and  paid  for  as  plough  gates,  etc.,  and  tolls  adminis- 
tered by  a  great  many  trusts,  with  no  view  in  common,  seems  to  have  been 
a  very  cumbrous  piece  of  machinery.     The  management,  apart  from  that 
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of  maintaining  the  roads,  cost  considerable  sums  in  the  form  of  profit  to  the 
tacksman,  amounting  in  some  cases,  it  is  said,  to  over  £9  per  mile.  It  is 
very  evident  that  this  profit,  in  addition  to  the  expense  of  repairing  the  toll- 
houses, gates,  etc.,  formed  a  sum  which,  had  it  been  applied  direct  to  the 
maintenance  of  the  roads,  would  have  been  sufficient  to  keep  them  in 
excellent  condition. 

The  disputes  arising  between  the  collectors,  the  public  who  used  the 
roads,  and  the  trustees,  were  numerous,  litigation  in  a  perpetual  form  being 
the  order  of  the  day. 

This,  no  doubt,  was  a  weak  spot  in  the  turnpike  system,  which,  combined 
with  the  introduction  of  railways  and  consequently  reduced  revenues,  was 
mainly  instrumental  in  bringing  about  a  new  order  of  things. 

The  present  system  of  raising  the  necessary  revenue  for  road  purposes, 
viz.,  by  assessment  on  rental,  one  half  being  payable  by  the  proprietor,  the 
other  half  by  the  occupier,  appears  to  answer  well,  although  those  not  using 
the  highways  directly  consider  themselves  aggrieved.  As,  however,  all 
articles  of  consumption  pass  over  the  roads,  the  ratepayer  is  saved 
indirectly  in  the  purchase  of  all  such  commodities. 

The  extended  powers  for  the  further  improvements  of  highways  con- 
ferred on  County  Councils  by  the  "  Local  Government  Acts  '*  (P^ngland 
1888,  Scotland  1889)  admit  of  the  different  counties  and  districts  thereof 
concentrating  the  management  in  a  uniform  and  intelligent  manner. 

By  these  means  plant  for  the  repairing  of  the  roads  can  be  purchased, 
such  as  rock  drills,  stone-breaking  machines,  steam  rollers,  and  many 
other  appHances.  Greater  efficiency  is,  therefore,  now  possible  by  their 
proper  application,  while  economy  in  carrying  on  the  work  of  maintenance 
is  promoted  by  judicious  management. 


PART  L 


OHAPTEE    I. 

RESISTANCE  TO  TRACTION — WHEELS  AND  WEIGHTS  ON  THEM. 

Prkvigus  to  entering  upon  the  subject  proper  of  road  construction,  it  will 
be  necessary  to  notice  briefly  the  effects  of  the  resistance  to  traction  on  a 
road  surface,  and  the  points  to  be  considered  in  determining  the  ruling 
gradient  which  should  be  adopted  on  a  proposed  road,  according  to  the 
situation,  and  the  class  of  traffic  likely  to  pass  over  it. 

The  main  external  forces  which  offer  resistance  to  the  motion  of  vehicles 
upon  roads  are : — Friction,  collision,  gravity,  and  air  resistance. 

1.  External  Forces  affecting  the  Motion  of  Vehicles. — (1)  Friction. 
— This  arises  from  the  rolling  resistance  of  the  wheel  tires  when  in  contact 
with  the  surface  of  the  road.  It  involves  the  consumption  of  part  of  the 
force  exerted  by  the  prime  mover.  Under  friction  may  be  considered  the 
resistance  of  penetration,  which  is  brought  about  by  a  yielding  road  surface, 
that  is,  a  weak  and  inferior  road,  or  one  on  which  gravel  or  loose  stones 
have  been  spread,  also  on  soft  earth.  In  these  circumstances  the  resistance 
to  traction  is  less  the  larger  the  diameter  of  the  wheels,  as  larger  wheels 
sink  less  and  spread  along  a  greater  surface  than  wheels  of  less  diameter ; 
the  areas  of  immersion,  however,  are  equal  in  either  case. 

Resistance  arising  from  the  friction  of  the  axles  is  nearly  constant  at  all 
velocities,  and  may  be  neglected.  It  may,  however,  be  mentioned  that  with 
wheels  of  ordinary  construction  the  resistance  amounts  to  from  y^  to  y^  of 
the  weight  on  the  axle,  or  17  to  22  lbs.  to  a  ton  of  load.  Friction  of  the 
wheel  on  its  axle  is  independent  of  the  condition  of  the  surface  of  a  road. 

(2)  Collision, — This  may  be  caused  by  the  want  of  uniformity  or 
irregular  condition  of  the  surface  of  a  road,  or  may  be  occasioned  by  hard 
substances,  such  as  loose  stones,  which  give  a  sudden  check  to  the  forward 
movement  of  vehicles.  Considerable  injury  is  done  to  a  road  surface  by  a 
vehicle  surmounting  any  hard  substance,  and  the  wheels  descending  with 
great  force  tend,  by  repeated  blows,  to  wear  holes  in  the  surface,  even  on 
roads  maintained  with    the    hardest    material     By   the  carriage    being 
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motinied  on  springs,  the  power  required  to  draw  a  vehicle  over  an 
obstacle  of  this  kind  is  lessened,  and  the  damage  to  the  surface  of  the 
road  is  also  greatly  reduced. 

(3)  Gravity. — When  a  road  is  on  an  incline,  the  additional  influence 
due  to  gravity,  which  is  proportionate  to  the  steepness  of  the  gradient, 
must  be  allowed  for  in  arriving  at  the  greatest  tractive  force  which  the  prime 
mover  is  capable  of  exerting.  The  resistance  due  to  gravity  on  an  incline  is 
found  approximately  by  dividing  the  number  of  pounds  in  a  ton  by  the  rate 
of  inclination. 

(4)  Air  Resistance, — ^Tlus  varies  according  to  the  velocity  of  the  wind 
the  area  of  the  surface  acted  upon,  the  velocity  of  the  vehicle,  and  the  angle 
or  direction  at  which  it  impinges  against  the  plane  of  the  surface.  At  a 
velocity  of  15  miles  an  hour,  equivalent  to  a  pleasant  breeze,  the  force 
of  the  wind  is  equal  to  1*107  lbs.  per  square  foot,  while  at  a  velocity  of 
50  mOes  an  hour,  amounting  to  a  violent  storm,  the  force  is  equal  to 
12*30  lbs.  per  square  foot  of  surface. 

2.  Tractive  Force. — The  power  required  to  move  vehicles  along  a  road 
depends  on,  and  varies  greatly  according  to,  the  condition  of  the  surface  of 
the  road.  The  force  or  pull  which  a  horse  has  to  exert  to  draw  a  load  on  a 
level  macadamized  road  in  ordinary  repair  may  be  taken  at  ^  of  the  load, 
but  may  vary  from  ^s  ^^  ^^®  ^^^  ^^  roads  in  the  best  condition  to  ^  on  roads 
the  surface  of  which  is  badly  maintained,  and  broken  by  ruts  and  hollows. 

Authorities,  however,  differ  widely  on  the  subject  of  the  tractive  power 
of  the  horse,  and  this  will  be  obvious  when  the  varying  diameters  of 
wheels  of  vehicles  and  the  strength  and  speed  of  different  animals  are 
taken  into  consideration,  along  with  their  adaptability  or  training  for  any 
particular  class  of  work. 

Table  L 


Materials. 

Resistance  to 

Traction  on 

Level. 

Tractive  Force 
in  lbs.  required 
to  move  one  ton 
on  a  Level.   A. 

Asphalted  roadway, 

Payed  roadway,  dry  and  in  good  order,  . 
„            „        in  fair  order,         .... 
„            „        but  covered  with  mud,  . 
Macadamized  roadway,  dry  and  in  good  order, 
„                 „         in  a  wet  state,   . 
„                ,,         in  fair  order, 
„                ,,         hnt  covered  with  mud, 
„                „         covered  with  loose  stones.. 

10 
1-6  to  2-00 
20  to  2-6 
20  to  2*7 
2-6  to  3-0 

8-8 

4-6 

6-6 
5-0  to  8  2 

15 
22-6  to  800 
300  to  87-6 
80  0  to  40-5 
37-5  to  460 

49-5 

67-6 

82-6 
76  0  to  128  0 

The  figures  in  Table  1.  are  now  generally  adopted  in  arriving  at  the 
relative  tractive   force  necessary  to   draw  a  load   on  different  kinds  of 
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material  composing  a  road  surface.*  Asphalt  is  taken  as  the  standard  of 
excellence,  and  in  the  extended  part  of  table,  under  A,  15  lbs.  is  allowed  for 
the  force  necessary  to  draw  one  ton  on  a  level  on  that  class  of  road. 

On  a  macadamized  road  maintained  in  excellent  order  the  table 
shows  that  the  force  put  forth  by  the  prime  mover  is  45  lbs.  per  ton, 
or  a  tractive  force  exerted  of  -^j^  of  the  gross  load.  On  a  road  which  is  only 
in  fair  order,  slightly  cupped,  or  has  an  irregular  surface,  the  tractive  force 
exerted  rises  to  ^  of  the  gross  load,  while  on  a  road  having  the  surface 
covered  with  loose  stones  the  draught  or  tractive  force  necessary  to  be  put 
forth  amounts  to,  at  its  worst,  -^  of  the  gross  load. 

8.  The  following  are  the  general  results  of  the  experiments  made  by 
M.  Morin  upon  the  resistance  of  the  traction  of  vehicles  on  common  roads : — 

Ist.  The  resistance  to  traction  is  directly  proportional  to  the  load,  and 
inversely  proportional  to  the  diameter  of  the  wheeL 

2nd.  Upon  a  paved  or  a  hard  macadamized  road  the  resistance  is 
independent  of  the  width  of  the  tyre,  when  this  quantity  exceeds  from 
3  to  4  inches. 

3rd.  At  a  walking  pace,  the  resistance  to  traction  is  the  same,  under 
the  same  circumstances,  for  carriages  with  springs  and  for  carriages  without 
springs. 

4th.  Upon  hard  macadamized  roads  and  upon  paved  roads,  the  resist- 
ance to  traction  increases  with  the  velocity — the  increments  of  traction 
being  directly  proportional  to  the  increments  of  velocity  above  the  velocity 
3*28  feet  per  second,  or  about  2^  miles  per  hour.  The  equal  increments 
of  traction  thus  due  to  equal  increments  of  velocity  are  less  as  the  road  is 
smoother,  and  as  the  carriage  is  less  rigid  or  better  hung. 

5th.  Upon  soft  roads,  of  earth,  or  sand,  or  turf,  or  roads  fresh  and 
thickly  gravelled,  the  resistance  to  traction  is  independent  of  the  velocity. 

6th.  Upon  a  well-made  and  compact  pavement  of  hewn  stones,  the 
resistance  to  traction  at  a  walking  pace  is  not  more  than  three-fourths  of  the 
resistance  upon  the  best  macadamized  roads,  under  similar  circumstances. 
At  a  trotting  pace,  the  resistances  are  equal. 

7th.  The  destruction  of  the  road  is,  in  all  cases,  greater  as  the  diameters 
of  the  wheels  are  less,  and  it  is  greater  in  carriages  without  than  in  those 
with  springs. 

4.  Experiments  were  carried  out  by  Sir  J.  Macneil  on  the  road 
between  London  and  Shrewsbury  to  ascertain  the  tractive  forces  required 
there,  and  measured  by  an  instrument  devised  by  him  for  the  purpose. 
The  general  results,  reduced  to  that  on  a  level,  as  given  by  Telford,  f  are 
presented  in  Table  II. 

•  Vide   Report    of  the    Society    of  Arts  on  the  application  of  Seienee  and  Art  to 
Street  Paving  and  Street  Cleansing  of  the  Afetropolift^  1875. 
t  Seventh  Report,  etc,  p.  13. 
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Table  II. 


Description  of  Road. 

Tractive  Force 
per  Ton. 

Anglft  of  Repose 
Represented. 

Draught  on  a  well-made  payement, 

„         broken  stone  surliAce  on  old  flint  road 

TOvelroad,         .        .        .        . 
„         broken  stone  road  upon  a  rough  pave- 
ment foundation 

„         broken  stone  surface  on  a  bottoming 
of  concrete, 

83  lbs. 
66   .. 
147   „ 

46    „ 

46    „ 

5.  It  appears  from  experiments  carried  out  at  the  Royal  Agricultural 
Show  at  Bedford  in  1874,  by  means  of  a  horse  dynamometer,  made  by 
Messrs.  Easton  &  Anderson,  that  1  lb.  of  draught  was  expended  on  moving 
every  35*1  lbs.  of  weight  resting  on  a  wagon  with  fore  wheels  of  41  inches 
in  diameter,  while  on  the  hind  wheels  having  a  diameter  of  60  inches  it 
was  58*7  lbs.  In  the  former  case  it  was  thus  equal  to  a  tractive  force  of 
64  lbs.  per  ton  with  the  smaller  size  of  wheel,  compared  with  38  lbs.  for  that  of 
the  larger  one,  which  latter  figure  practically  agrees  with  those  in  the  above 
table.  Of  the  other  trials  at  the  same  place  with  loaded  wagons,  having 
tires  2}  to  4^  inches  wide,  the  average  draught  was  -^  of  the  gross  load, 
or  nearly  46  lbs.  per  ton.  For  single  horse  carts,  loaded  to  about  30  cwt., 
the  wheels  of  which  were  from  52  to  62  inches  in  diameter,  and  the  tires  3| 
to  4  inches  wide,  the  tractive  force  was  found  to  be  on  a  level  macadamized 
road  at  a  walking  pace  ^  of  the  gross  load,  or  34^  lbs.  per  ton.  With 
other  carts  having  wheels  of  slightly  larger  diameter  and  a  greater  load,  the 
average  draught  under  similar  conditions  was  found  to  be  -^  of  the  gross 
load,  or  44  lbs.  per  ton. 

6.  There  can  be  no  question  that  the  smoother  and  harder  the  surface 
of  a  road  is,  the  tractive  force  or  draught  necessary  to  move  a  vehicle  will 
be  less.  It  must  also  be  apparent  that  the  work  of  one  horse  on  a  level 
and  well  maintained  road,  may  be  easily  increased  two  or  three  times,  if  the 
surface  of  the  road  is  inferior  in  condition,  by  reason  of  any  inequalities 
or  ruts  on  the  surface.  In  other  words,  four  horses  are  enabled  to  do  the 
work  of  five,  or  three  of  four,  by  keeping  the  roads  in  an  efficient  state  of 
repair. 

7.  Gradients. — In  ascending  an  incline  the  prime  mover  has  to  exert 
an  additional  force  which  has  to  be  added  to  that  of  resistance  on  the 
level.  This  is  approximately  equal  to  the  gross  load  divided  by  the  rate 
of  gradient.  It  can  be  shown  diagrammatically  what  additional  resistance 
18  occasioned  when  the  road  is  inclined  against  the  load  instead  of  being 

leveL 

In  the  accompanying  diagram  fig.  7,  the  whole  weight  is  supposed  to 
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be  supported  on  one  pair  of  wheels,  being  the  simplest  form  in  which  this 
additional  resistance  may  be  investigated,  and  which  can  be  shown  in  the 
following  manner. 

Let  AB  represent  a  part  of  an  inclined  road,  D  a  vehicle  sustained  in 
its  position  by  a  force  acting  in  the  direction  DG,  DW  the  weight  of 
the  vehicle  and  load  or  the  force  of  gravity  acting  vertically  downwards. 
It  is  evident  that  the  vehicle  is  sustained  in  equilibrium  upon  the  inclined 
plane  by  these  two  forces,  and,  in  addition,  by  the  resistance  of  the  road 
surface  to  the  pressure  of  the  vehicle  acting  at  right  angles  to  the  incline  of 
the  road.  To  determine  the  relative  magnitude  of  these  three  forces,  draw 
the  horizontal  line  BC  and  the  vertical  line  AC ;  then  since  the  two  lines 
D£  and  AC  are  parallel  and  are  both  cut  by  the  line  AB,  it  follows  that 
they  must  make  the  two  angles  D£F  and  BAC  equal ;  likewise,  the  two 
angles  DFE  and  ACB  are  equal;  therefore,  the  remaining  angles  £DF 
and  ABC  are  equal,  and  the  two  triangles  DEF  and  BAC  are  similar.  As 
the  three  sides  of  the  former  are  proportional  to  the  three  forces  by  which 
the  vehicle  is  sustained  in  equilibrium,  so  also  are  the  three  sides  of  the 
latter;  viz.,  AB  or  the  length  of  the  road  is  proportional  to  W,  or  the 
A         G  **         x^^^N  weight  of  the  vehicle  and  its 

!*"^^v.,.^^^^         I^^^-Zd  I  ^^^^ '  ^^  ^'  ^®  vertical  rise 

^^^^•''^^^A/    y  is  the  same  to  £,  or  the  force 

^^^&«.<^^^  required  to  sustain  the  vehicle 

^               ^^..^^^  on  the  inclined  plane ;  and  BC 

L_ .T!::^^      or  the  horizontal  distance  in 

Y^Q  7,  which  the   rise   occurs,  to  P, 

or   the  force  with  which  the 
vehicle  presses  upon  the  surface  of  the  road. 

Therefore  W     :     AB     : :     E     :     AC 
andW     :     AB     ::     P     :     BC 

And  if  BC  be  of  such  a  length  that  the  vertical  rise  AC  of  the  road  equals 
one  foot,  then  the  force  DG  will  be  represented  by 

W  W 


and 


AB  -  VB^Ti  =  ^'^"® 


_,    W.BC  W.BO 

P=     .  p     =      .^        =  W  cos  B 
AB  VB(?  +  1 


in  which  B  is  the  angle  ABC. 

These  f ormulaa  reduced  to  words  are  as  follows : — 

To  find  the  force  requisite  to  sustain  a  vehicle  upon  an  inclined  road, 
the  effects  of  friction  being  neglected,  divide  the  weight  of  the  vehicle  and 
its  load  by  the  inclined  length  of  the  road,  the  vertical  rise  of  which  is  one 
foot,  and  the  quotient  is  the  force  required. 
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To  find  the  pressure  of  a  vehicle  against  the  surface  of  an  inclined  road, 
multiply  the  weight  of  the  loaded  vehicle  hy  the  horizontal  length  of  the 
load,  and  divide  the  product  by  the  inclined  length  of  the  same;  the 
quotient  is  the  pressure  required. 

The  force  with  which  a  vehicle  presses  upon  an  inclined  road  is  always 
less  than  its  actual  weight;  the  difference  is  so  small,  however,  that  on 
roads  with  a  moderate  inclination  it  may  be  taken  as  equal  to  the  weight 
of  the  loaded  vehicle. 

To  find  the  resistance  to  traction  in  passing  up  or  down  an  incline, 
ascertain  the  resistance  on  a  level  road  having  the  same  surface  as  the 
incline,  to  which  add  if  the  vehicle  ascends,  or  subtract  if  it  descends,  the 
force  requisite  to  sustain  it  on  the  incline ;  the  sum  or  difference,  as  the 
case  may  be,  will  express  the  resistance.  The  tractive  power  of  horses  varies 
according  to  their  strength,  speed,  and  the  adaptability  and  training  which 
ihey  possess  for  any  particular  kind  of  work.  An  average  horse  will, 
travelling  at  a  speed  of  2^  miles  an  hour,  exert  a  pull  of  110  to  120  lbs. 
on  a  level  road  with  a  smooth  surface ;  while  at  a  speed  of  4  miles  an  hour, 
the  draught  exerted  will  only  amount  to  from  65  to  75  lbs. 

The  tractive  power  of  a  horse  becomes  less  as  the  speed  increases,  while 
m  ascending  inclines  its  power  diminishes  rapidly,  a  considerable  portion  of 
its  strength,  due  to  its  own  weight  and  that  of  the  load,  is  expended  in  over- 
coming the  resistance  of  gravity. 

In  ascending  a  perfectly  smooth  road,  the  amount  of  foothold  afforded 
being  less,  tells  more  against  the  draught  of  a  horse  than  one  of  ordinary 
roughness.    The  extreme  comparisons  may  be  taken  as  asphalt  and  macadam. 

8.  It  is  interesting  to  note  that  a  horse  is  as  strong  as  five  men  on  a 
level,  while  on  a  gradient  of  1  in  6  its  tractive  power  is  barely  equal  to 
that  of  three  men. 

Table  III.  shows  the  decrease  in  the  loads  in  ascending  gradients. 

A  horse  can,  however,  exert  for  short  distances  twice  to  three  times  the 
average  tractive  power  which  he  is  capable  of  exerting  continuously  during 
a  day's  work,  so  that  if  the  resistance  on  the  gradient  be  not  greater  than 
double  or  three  times  the  resistance  on  the  level,  the  horse  will  be  able  to 
ascend  such  inclines  with  the  gross  load  he  is  capable  of  drawing  under 
ordinary  conditions. 

9.  Professor  Mahan  deduced,  from  the  results  of  experiments  on  tractional 
resistance  carried  out  by  Sir  John  Macneil,  that  the  angle  of  repose  is 
represented  by  the  fractional  part  of  the  weight  of  the  carriage,  which, 
when  applied  to  it,  would  be  just  sufficient  to  overcome  the  friction,  and  set 
the  carriage  in  motion.  In  other  words,  the  angle  of  repose  for  a  well- 
made  pavement  would  be  represented,  taking  one  ton  or  2240  pounds 
as  the  load  moved,  as  ^f I77  or  ^^  nearly,  and  the  gradient  for  this  class  of 
road  should  not  be  greater  than  1  in  68,  or  1  perpendicular  to  68  horizontal. 

3 
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For  the  values  of  the* angle  of  repose  or  the  greatest  inclination  which 

should  be  given  to  a  road  made  with  different  descriptions  of  material,  see 

Table  11.  page  31. 

Tablh  m. 

Effects  of  Gradients  upon  the  Loads  which  a  Horse  can  draw  on  a  Maoidam' 
ized  Roadf  the  Load  on  the  Level  being  taken  as  represented  by  1, 


• 

a 

■B 

a 

*3 

a 
t-4 

■ 

o 

'3) 

a 
< 

Rise  in  feet 
per  mile. 

A  horse  can 
draw 

• 

a 

o 

•^ 

a 

'o 

a 

• 
9 

-3) 

a 

Rise  in  feet 
per  mile. 

A  horse  can 
draw 

• 
a 

f 

'3 

a 
t-4 

a 
< 

Rise  in  feet 
per  mile. 

A  hone  can 
draw 

lin  10 
linll 
1  in  12 
1  in  13 
1  in  14 

e      / 

5  48 

6  11 
4  46 
4  24 
4    5 

528 
480 
440 
406 
837 

•25 

•265 

•28 

•295 

•81 

lin  16 
lin  16 
lin  17 
lin  18 
lin  19 

8  49 
8  85 
8  22 
8  11 
8    0 

852 
880 
810 
298 
277 

1 

•325 

•84 

•865 

•87 

•885 

lin  20 
lin  24 
lin  25 
lin  26 
lin  80 

e     / 

2  62 
2  23 
2  18 
2  15 
1  55 

264 
220 
211 
208 
176 

•4 

•6 

•62 

•54 

•64 

It  is  very  desirable  that  in  all  cases  the  gradients  should  be  reduced  as 
much  as  practicable,  as  the  extra  exertion  necessary  to  be  expended  by 
a  horse  in  ascending  steep  gradients  is  considerable,  and  adds  greatly  to  the 
cost  of  haulage. 

Sir  John  Macneil,  in  1836,  maintained  that  no  road  was  perfect  unless 
its  gradients  were  equal  to,  or  less  than,  1  in  40.  M.  Dumas,  engineer-in- 
chief  of  the  French  Fonts  et  Chaussf^es,  writing  in  1843,  recommended  1  in 
50  as  a  maximum  rate  of  inclination ;  whilst  Frofessor  Mahan  considered, 
as  a  general  nde,  that  gradients  should  be  kept  as  low  as  1  in  33.  M. 
Dupuit  recommends  for  the  maximum  gradient  for  metalled  roads  a  3  per 
cent,  incline,  or  1  in  33,  and  for  pavements  a  2  per  cent  gradient,  or  1  in 
50.  The  gradient  of  1  in  30  adopted  by  Telford  is  such  that,  in  ascending 
it,  a  horse  can  easily  put  forth  the  force  necessary  over  and  above  the  pull 
needed  for  taking  the  load  along  the  level.  Gradients  of  1  in  20,  and  even 
steeper,  have  at  times  to  be  introduced  at  points  in  the  line  of  a  proposed 
road,  to  obviate  heavy  expenditure  in  the  construction  of  the  works.  On 
the  other  hand,  a  road  should  not  be  constructed  on  a  '  dead-level,'  but  have 
a  minimum  gradient.  This,  although  applying  in  a  certain  degree  to  trac- 
tion, has  reference  more  particularly  to  the  maintenance  of  roads,  and  will, 
therefore,  be  treated  in  its  proper  place. 

10.  Wheels  and  Weights  on  them. — The  imperfect  condition  of  the 
roads  at  the  beginning  of  the  last  century  was  such  that  regulations  were 
embraced  in  the  Acts  relating  to  highways,  enforcing  that  wheels  of 
vehicles  should  be  of  great  width  in  proportion  to  the  weights  carried. 
Table  IV.  gives  these  particulars. 
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Table  TV. 
Weight,  Horse-poioer,  and  Wheels  of  Vehidea  on  Common  Roads,  1809. 


Weight 

on  tne 

road  at 

each 

Breadth  of  Wheel 

Gross 
Weight. 

Number 

of 
Horses. 

Draught 
each  Horse. 

Pressure  per  inch 
of  Width. 

Wheel. 

Inches. 

Tons. 

Cwt.  lbs. 

Cwt 

Lbs. 

Cwt. 

16,       .        .        . 

8 

10 

16      0 

40 

280 

2-50 

»,  rolling  16,*   . 

64 

8 

16    42 

82^ 

404 

3-60 

».       .        .        . 

6 

8 

15      0 

30 

373 

8-33 

6,  rolling  11,     . 

H 

6 

18    87 

274 

518 

4-58 

6.       .        .        . 

4i 

6 

16      0 

22^ 

420 

875 

8,       .        .        . 

8i 

4 

17    56 

174 

653 

5-86 

2,  Stage  Coach, . 

4 

4 

20     0 

20 

1120        10-00 

1 

From  the  foregoing  table,  it  is  apparent  that  the  pressure  per  inch  of 
width  of  tyres  at  the  surface  of  the  road  increases  as  the  width  diminishes. 
It  was  the  opinion  of  practical  men  using  the  roads  during  that  period,  that  a 
pressure  of  4  cwt.,  or  448  lbs.,  per  inch  of  width  should  not  be  exceeded ; 
while  the  tyre  of  the  wheel  should  be  limited  to  a  minimum  width  of  4^ 
inches.  Unquestionably  a  tyre  of  moderate  width,  provided  the  weight 
distributed  over  it  is  not  excessive,  may  be  looked  upon  as  one  to  be  recom- 
mended. 

11.  Conical  Wheels. — ^The  excessively  wide  rounded  tyres  and  conical 
shape  of  the  wheel  in  use  in  the  early  part  of  the  last  century  would  appear 
to  be  the  worst  combination  that  could  possibly  exist.  It  is  apparent  that  a 
conical  wheel  can  only  be  made  to  travel  in  a  straight  line  by  a  constant 
twisting  action  at  the  surface  of  the  road.  Consequently,  the  wider  the 
tyre,  the  greater  is  the  twisting  and  disintegrating  action  by  the  wheels  on 
the  material  composing  the  crust  of  a  road.  The  cylindrical  wheel,  with 
flat  tyres  of  moderate  breadth,  is  the  best  possible  form  for  easy  traction, 
and  by  its  use  less  wear  is  occasioned  to  the  road-surface. 

The  practical  advantage  in  the  dished  or  slightly  conical  form  of  wheel 

is  that  a  wider  space  is  afforded  for  the  body  of  the  vehicle,  and  the 

inclined  spokes  forming  this  class  of  wheel  tend  to  resist  the  lateral  shocks 

to  which  they  are  subjected  at  times.     Although   the   cylindrical  wheel 

was  strongly   advocated,  and    encouraged   by    many   turnpike    trusts,  in 

the  form  of  a  reduction  of  tolls,  still  the  dished  or  conical  form  of  wheel 

has  become  almost  of  general  use.     Provided  this  class  of  wheel  has  a  flat 

or  but  slightly  rounded  tyre,  4^  inches  in  breadth,  little  can  be  said  against 

its  use. 

'  The  rolling  widths  are  the  slant  widths  of  conical  wheels. 
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12.  The  General  Turnpike  Act  (1823)  regulated  the  weights  to  be 
carried  by  wagons,  carts,  etc.,  with  wheels  having  tyres  varying  from  4^ 
to  9  inches  in  breadth,  the  weights  allowed  being  generally  10  cwt.  less  in 
winter  than  those  carried  during  the  summer  months.  Wheels  having  tyres 
of  a  less  width  than  4^  inches  were  not  so  restricted.  Clonsequently,  it  was 
possible  to  carry  with  tyres  2^  inches  in  breadth  the  same  weight  as  was 
allowed  for  wheels  having  tyres  4^  inches  in  width.  The  extra  toll  imposed 
on  carts  with  narrow  tyres  did  not,  however,  prevent  their  use,  and  after 
the  tolls  were  abolished  they  became  general,  and  are  now  to  be  found  on 
far  the  greater  proportion  of  vehicles  travelling  on  the  highways. 

Sir  J.  Macneil,  in  his  evidence  before  the  Committee  on  Steam  Carriages 
in  1831,  gave  the  following  particulars  as  to  weights  of  ooaches  and 
wagons,  and  the  pressure  per  inch  of  width  of  tyre.'"' 

Tablb  V. 


Description  of  Vehicle. 

Weight  on 
the  Ayerage. 

Breadth  of 
Wheel 

Pressure  of 
each  Wheel 

Pressure  on 

each  inch 

of  Breadth. 

MaU  Coach, 
Stage  Coach, 

Van, 

Wagon,        .... 

},            .... 

II            .... 

2    tons 
24    n 

44       M 

4i    „ 
84    „ 

2i  inches 
2       „ 

24      „ 
9        », 
6 
4        >i 

10*0  cwt 
12-6    „ 
21-26  „ 
80-0    „ 
226    „ 
17-6    „ 

4-40  cwt 
6*26    „ 
8-29    „ 
3-88    „ 
8-76    „ 
4*87    „ 

It  will  be  observed  that  the  weight  per  inch  of  tyre  is  exceedingly  high 
for  vans  as  compared  with  wagons,  the  tyres  of  which  were  9  inches  in 
widtlL  As  the  edges  of  narrow  tyres  become  rounded  through  wear,  it  is 
evident  that  the  pressure  per  inch  of  width  will  in  time  become  greater 
than  that  tabulated,  even  to  the  extent  of  25  per  cent. 

18.  The  Acts  relating  to  the  weights  allowed  for  wheels  with  tyres  of 
different  width  having  been  repealed,  County  Authorities  were  empowered 
to  make  by-laws,  under  the  Highways  and  Locomotives  Act  of  1878,  for 
regulating  the  width  of  wheels  in  relation  to  the  weight  carried.  In  those 
counties  where  such  powers  have  been  exercised,  the  practice  usually 
followed  was  to  adopt  the  weights  allowed  under  the  General  Turnpike  Act, 
with  any  modification  which  was  considered  necessary  for  the  varying  con- 
ditions in  different  parts  of  the  country. 

14.  The  weights  on  wheels  under  the  different  conditions  to  which 
roads  are  now  subjected  vary  considerably,  according  to  circumstances,  as 
may  be  gathered  from  the  following,  bearing  more  particularly  on  the  effect 
produced  by  vehicles  having  wheels  with  wide  tyres. 

*  Evidence,  Committee  on  Steam  Ckmriagea,  p.  96. 
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It  18  a  difficult  matter  to  conceive  how  it  is  poesible  that  a  rigid  wheel 
with  a  tyre  having  a  breadth  of  18  inches  can  bear  equally  on  the  surface  of 
a  road  for  that  width.  From  the  manner  in  which  these  wheels  are  con- 
structed they  present  a  rigid  flat  surface,  and  this  has  to  travel  on  a  road 
having  a  transverse  surface  convex  in  fonn.  The  amount  of  convexity 
varies  according  to  circumstances,  and  in  the  form  least  necessary  for  surface 
drainage  it  presents  the  part  of  a  circle,  or  by  two  inclined  straight  lines 
from  either  side  joined  by  a  curve  in  the  centre.  Under  these  circum- 
stances the  point  of  contact  of  the  wheels  on  the  road-surface  will  be  con- 
fined, theoretically,  to  a  single  point  which  is  the  inner  edge  of  the  tire. 
The  rise  generally  given  to  a  road-surface  transversely  is  such  that  with 
tires  of  moderate  width  the  pressure  is  uniform  over  the  full  width,  but 
in  the  case  of  vehicles  having  tires  of  great  width  a  portion  only  of  the 
breadth  transmits  the  whole  weight  to  the  surface  of  the  road. 

Macadam  gave  it  as  his  opinion,  in  his  evidence  before  the  Select 
Committee  on  Steam  Carriages,  1831,  that  no  advantage  was  gained  by  in- 
creasing the  breadth  of  the  tyre  above  4^  inches,  as  a  greater  breadth  could 
not  at  one  time  touch  the  surface  of  a  well-formed  road.  Similar  results 
were  obtained  by  Morin  from  actual  experiments  carried  out  with  vehicles 
having  wheels  with  cylindrical  tjrea  of  2*5  inches,  4 '6  inches,  and  7  inches 
in  width,  respectively.  These  results,  concisely  stated,  showed  that  over  30 
per  cent,  more  tonnage  can  be  carried  over  a  road  in  good  order,  on  wheels 
having  tyres  4|  inches  wide,  than  can  be  done  on  wheels  with  tyres  2^  inches 
wide  ;  the  wear  or  damage  resulting  to  the  surface  of  the  road  being  about 
the  same  in  each  case.  It  was  also  observed  that  any  excess  of  width  of  tires 
beyond  that  stated  had  no  compensating  value. 

15.  It  would  appear  from  these  conclusions  that  wheels  of  wagons  and 
other  vehicles  having  tyres  of  from  6  to  9  inches  in  breadth,  traction-engines 
with  rigid  tyres  having  a  width  of  from  15  to  18  inches,  and  the  driving  or 
hind  wheels  of  steam  road-rollers  with  rims  18  to  20  inches  wide,  are 
powerful  agents  in  destroying  the  crust  of  a  road.  In  the  case,  however,  of 
wagon  wheels  with  tyres  beyond  4  J  inches  in  breadth,  as  also  the  driving- 
wheels  of  steam  road-rollers,  this  want  of  equal  bearing  surface,  owing  to 
their  rigid  construction,  is  found  not  to  apply  after  they  have  been  in  use 
for  some  time.  The  inside  edges  of  these  wheels  for  a  time  carry  prac- 
tically all  the  weight,  but  in  time  they  conform  through  wear,  especially 
in  the  case  of  rollers,  to  the  transverse  convexity  of  the  road  surface. 

16.  Traction  -  Engine  Wheel  Tyres. —  In  traction-  or  road-engines 
having  the  ordinary  rigid  tyres,  with  diagonal  bars  at  the  periphery,  this 
wearing  away  or  conforming  to  the  section  of  the  road  does  not  take  place, 
or  at  least  to  a  very  limited  extent.  In  the  nature  of  the  work  of  these 
engines  travelling  over  all  conditions  of  roads  in  an  indifferent  state  of 
repair,  the  flat  form  of  the  tyre  practically  remains  unaltered,  except,  pro- 
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bably,  the  edges  get  somewhat  rounded.  This  rounding  still  reduces  the 
bearing-surface,  in  some  cases  by  3|  inches,  even  should  it  bear  equally  in 
the  case  of  a  road  of  which  the  surface  is  considerably  worn,  and  conse- 

■ 

quently  flat  transversely. 


Table  VI. 
Showing  Weights  carried  by  various  Vehicles  under  varying  conditions. 


Description  of  Vehicles. 


Traction- Engine  weighing  12  tons  in  steam, 
two-thirds  of  weignt  on  driying>wheels, 
and  bearing  equally  throughout  their 
width 

Trcutvon- Engine,  with  a  bearing-surface  of 
60  per  cent,  of  actual  width  of  wheel,     . 

Tradion-Engine,  with  a  bearina-surface  of 
25  per  cent  of  actual  width  of  wheel,     . 

Traction- Engine  weighing  9  tons  in  steam, 
two-thirds  of  weignt  on  driving-wheels, 
and  bearing  equally  throughout  their 
width, 

TraUion-Enginet  with  a  bearing-surface  of 
60  per  cent  of  actual  width  of  wheel,     . 

TraetioJi  Engine,  with  a  bearing -surface  of 
25  per  cent  of  actual  width  of  wheel,     . 

Steam  Road- Roller,  with  scarifier  attached, 
weighing  16^  tons  in  steam,  three-fifths 
of  weight  on  driving-wheels,  6  ft  in  dia., 

Steam  Road-Roller,         do.  do. 

Heavy  Motor  Car,  with  5  feet  6  inches 
driving-wheels, 

JFagonfor  Steam  Traction,  weight  30  cwt, 
load  6  tons,  bearine  oquaUy  on  tyre 
throughout  the  full  width, 

Wagon  for  Steam  Traction,  with  bearing- 
surface  of  56  per  cent  of  actual  width  of 
wheel, 

Wagon  for  Steam  Traction,  weight  28  cwt, 
load  4  tons,  bearing  equally  on  tyres 
throughout  the  full  width, 

Wagon  for  Steam  Traction,  with  bearing 
surface  of  78  per  cent  of  actual  width,  . 

Wagon  for  Steam  Traction,  weight  25  cwt, 
load  3  tons, 

Horse  Wagon,  weight  21  cwt,  load  2  tons, 

Cart,  weight  9  cwt,  load  35  cwt, 

Car^,  weight  9  cwt,  load  31  cwt , 


Width  of 
Tyre. 


Inches. 


8 

8 

8-4i 

6 
6-4i 

4 

2 
4 

2i 


Load  on 
Wheel. 


Cwt 


18 

80 

4-44 

18-9 

80 

8-88 

18-4i 

80 

17-76 

16 

60 

8-75 

16-8 

60 

7-60 

16-4 

60 

15-00 

18 
20 

97-50 
97-50 

5-42 
4-88 

80 

87-5 

37-5 

27 

27 

21  -25 
15-25 
22 
20 


Load  per 

inch  of 

Width  of 

Tyre. 


Cwt 


10-0 

4-69 

8-33 

4-50 

6-00 

5-81 
7-62 
6-5 
8-0 


From  the  above  it  follows  that  the  bearing-surface  at  the  point  of  con- 
tact between  the  wheel  and  the  road  is  reduced  to  one-half,  and  sometimes 
even  less,  on  a  road  having  the  surface  properly  formed  transversely.  On  a 
road  well  worn  or  comparatively  flat,  the  pressure  will  be  distributed  over  a 
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greater  surface,  and  in  the  event  of  such  surface  heing  worn  so  that  it  forms 
a  level  transversely,  then,  and  then  only,  can  the  full  width  of  the  wheel 
bear  equally  on  the  road.  It  need  hardly  be  pointed  out  that  the  surface 
of  a  road  under  such  conditions  is  in  a  state  of  disrepair,  when  it  cannot  be 
expected  to  bear  even  the  distributed  weight  which  such  conditions  make 
possible. 

Table  YI.  illustrates  very  forcibly  the  conclusions  arrived  at  in  the 
preceding  paragraphs. 

The  effect,  on  the  surface  of  a  road,  of  the  passage  of  a  traction- 
engine,  during  and  immediately  after  a  fall  of  rain,  when  the  surface  is 
slightly  covered  with  mud,  clearly  proves  the  foregoing  statements.  On  a 
flat  transverse  surface  the  full  width  of  the  wheel  tyre  is  clearly  defined ;  on 
a  road  having  only  a  moderate  curvature,  the  extent  of  the  impression 
caused  by  the  passage  of  the  en^ne  wheels  may  vary  from  75  per  cent,  to 
50  per  cent,  of  their  actual  width  of  tyre ;  while  on  a  road  with  a  transverse 
curvature  or  convexity  according  to  present  practice,  an  impression  of  not 
much  more  than  25  per  cent,  of  the  actual  width  of  the  wheel  tyre  is  visible 
on  the  surface  of  the  road. 

It  is  evident,  therefore,  that  in  the  case  of  a  traction-engine,  the  wheels 
of  which  only  touch  the  road  surface  for  4|  inches  of  their  width,  a  very 
heavy  strain  is  imposed  on  the  material  comprising  the  road  covering. 
During  dry  weather  this  excessive  weight  causes  a  considerable  amount  of 
abrasion  of  the  material  at  the  surface  of  the  road.  When  thaw  succeeds 
frost,  and  the  immediate  surface  of  the  road  coating  is  in  a  somewhat  loose 
state,  the  passage  of  traction-engines  has  the  effect  of  greatly  disturbing  the 
materials  of  the  road-crust  on  roads  generally,  and  is  extremely  trying  even 
on  those  which  are  repaired  with  the  best  possible  class  of  macadam  and 
maintained  in  the  best  condition.  It  often  happens,  after  alternating  frost 
and  thaw,  that  the  road  coating  is  affected  to  a  greater  or  less  depth ;  and 
at  such  times  the  passage  of  a  traction-engine  over  a  road  causes  consider- 
able damage  by  crushing  the  stones  comprising  the  coating,  and  in  many 
instances  lifting  and  displacing  patches  of  the  material. 

17.  YehideB  with  Narrow  Wheels. — ^Yehicles  vrith  narrow  wheels  carry- 
ing heavy  loads  cause  much  damage  under  similar  conditions,  particularly  on 
a  road  where,  with  but  Uttle  passing  traffic  to  cause  the  vehicles  to  follow  a 
zigzag  course  and  change  their  position,  they  run  in  tracks  and  form 
hollows  in  the  surface.  The  increased  cost  of  maintaining  roads  under 
these  circumstances  clearly  points  to  the  necessity  of  having  improved  tires 
for  vehicles,  or  of  adopting  more  stringent  measures  for  regulating  such 
traffic  under  the  adverse  conditions  alluded  to. 

18.  Improvement  of  Traction-Engine  Wheel  Tyresw — More  particularly 
in  the  case  of  traction-engines  does  the  necessity  exist  for  some  form  of 
flexible  driving-wheels  which  would,  by  the  construction  of  the  tyres,  dis- 
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tribute  the  weight  in  a  uniform  manner  over  the  actual  width  of  wheel,  and 
at  the  same  time  minimize  vibration,  which  in  the  ordinary  traction-engine 
causes  considerable  damage  to  buildings  situated  near  the  road  traversed. 

Attempts  have  been  made  from  time  to  time  to  attain  this  object,  and 
while  in  many  cases  the  vibration  has  been  considerably  reduced,  the  rigid 
tyre  has  always  been  conspicuous  by  its  presence. 

Boulton's  flexible  wheel,  patented  some  years  ago,  has  supplied  in  a 
great  measure  the  requirements  so  necessary  for  the  effective  distribution  of 
the  weight  to  the  surface  of  the  road,  and  the  elimination  of  vibration. 

The  description  of  this  wheel,  or  rather  the  tyre,  may  be  briefly  stated  as 
follows : — ^The  driving-wheel  is  7  feet  in  diameter  and  16  inches  wide.  The 
periphery  of  the  wheel  consists  of  a  deep  rim  divided  into  sixty-eight  cells  or 
compartments,  two  in  the  width  of  tire  and  breaking  joint  with  each  other. 
Into  these  cells,  which  are  about  6^  inches  square  and  9  inches  deep,  hard- 
wood blocks  are  fitted,  with  an  allowance  for  a  suitable  amount  of  radial 
play.  Each  block,  with  the  grain  of  the  wood  pointing  outwards,  is  bound 
round,  near  the  lower  end,  with  an  iron  band.  The  blocks  rest  on  an  india- 
rubber  cushion  5^  inches  square  and  1  inch  thick,  or  some  other  elastic 
material  sufficiently  yielding  to  absorb  the  jar  while  working.  The  blocks 
are  attached  to  the  inner  rim  of  the  tyre  by  a  bolt  let  into  the  wood  block 
several  inches ;  it  then  passes  through  the  elastic  pad  and  inner  rim,  and  is 
secured  by  a  nut.  The  recess  at  outer  end  of  block  is  fitted  with  a  wood 
plug.  As  the  wheel  revolves,  the  weight  comes  on  three,  four,  or  five 
blocks,  the  indiarubber  pads  are  compressed  while  the  bolts  work  freely  in 
the  slot  of  the  inner  rim,  and  the  blocks  adapt  themselves  to  the  surface  of 
the  road. 

With  this  class  of  tyre  it  is  evident  that,  as  four  or  more  of  these  hard- 
wood blocks  bear  on  the  road  surface  at  the  same  time,  the  weight  is  dis- 
tributed both  transversely  and  longitudinally.  By  this  arrangement  the 
pressure  on  the  road  is  considerably  reduced,  the  weight  being  spread  over  a 
considerable  area.  In  the  case  of  a  traction-engine  weighing  12  tons,  the 
pressure  with  three  blocks  in  contact  with  the  road  surface  only  amounts  to 
a  little  over  ^  cwt.  per  square  inch. 

It  will  be  readily  understood  that,  apart  from  doing  any  damage  to  the 
road  surface,  the  engine  is  much  more  efficient,  especially  when  ascending 
steep  gradients,  by  reason  of  the  increased  contact  surface  afforded  by  the 
wood  blocks. 

19.  Ezcesohre  WdghtB  on  Wheels.— Heavy  weights  carried  on  vehicles 
with  narrower  tyres  than  4J  inches  cause  considerable  wear  even  on  a  hard 
dry  road,  and,  as  has  been  pointed  out,  the  damaging  effect  during  alternat- 
ing frost  and  thaw  is  a  very  serious  matter.  The  proper  width  of  tyre,  or 
proper  load  upon  any  vehicle  for  a  given  width  of  tyre,  is  a  question  which 
deserves  more  attention  than  is  usually  accorded  to  it. 
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The  by-laws  controlling  the  weights  to  be  carried  on  wheels  should 
certainly  restrict  these  weights  to  about  5  cwt.  per  inch  of  actual  bearing 
sarlace  on  vehicles  without  springs.  This  pressure  is  almost  similar  to 
that  exerted  by  a  15-ton  road  roller  which  makes  the  road  for  the  traffic. 
If  the  weight  carried  on  the  tyres  of  any  description  of  vehicle  were  not  to 
exceed  this  standard,  infinitely  less  damage  would  result  to  the  road  surface, 
and  a  corresponding  decrease  in  the  cost  of  maintenance  would  be  effected. 
Vehicles  in  a  state  of  disrepair,  such  as  those  having  a  slightly  bent  axle  or 
an  excessive  play  between  the  nave  and  axle,  aggravate  the  evil,  and  also 
create  an  additional  burden  on  the  horses  drawing  the  vehicles. 

Sir  J.  Macneil  stated  before  the  Committee  on  Steam  Carriages  in  1831 
that^  from  his  experience  on  the  road  between  London  and  Shrewsbury,  he 
considered  a  wheel  should  have  a  tyre  an  inch  in  width  for  every  5  cwt.  of 
load.  Telford  was  of  opinion  that  the  weight  should  not  exceed  1  ton 
upon  each  wheel;  while  Macadam,  speaking  from  his  experience  of  the 
Metropolitan  roads,  considered  that  the  maximum  load  should  not  exceed 
9  cwt.  per  inch  of  width  of  tyre.  This  latter  weight  is  undoubtedly  too 
much  for  roads  even  in  first-class  repair. 

20.  Effect  of  Springs  on  Vehicles. — Experiments  have  shown  that 
vehicles  on  springs  diminish  the  wear  of  roads,  especially  at  speeds  beyond  a 
walking  pace.  Groing  at  a  trot,  they  were  found  not  to  cause  more  wear  than 
vehicles  without  springs  at  a  walk,  all  other  conditions  being  similar.  Vehicles 
with  springs  improperly  fixed  cause  considerable  concussion,  which  in  its  turn 
destroys  the  road  coating.  If  the  surface  of  the  road  be  irregular,  there  is 
increased  draught,  and  this  also  means  additional  wear  by  the  horses'  feet. 

The  size  of  a  wheel  has  also  an  important  bearing  on  the  wearing  of 
roads,  a  wheel  of  small  diameter  causing  relatively  much  more  wear  than 
one  of  large  diameter.  Wheels  of  the  common  size,  or  about  6  feet  in 
diameter,  are  considered  best ;  they  also  reduce  the  draught  for  the  horses. 

In  regard  to  the  above-mentioned  conditions  it  may  be  stated  that  in 
connection  with  the  provisions  of  the  "Heavy  Motor  Car  Order"  (1904) 
recently  issued  by  the  Local  Gk>vernment  Board,  these  important  factors 
have  been  given  effect  to  in  respect  that  the  unit  weight  per  inch  width  of 
tyre  is  dependent  on  the  size  of  wheel  and  axle-weight.  It  is  also  provided 
that  suitable  and  sufficient  springs  shall  be  fixed  between  the  axle  and 
frame  in  both  motor  cars  and  trailers. 

21.  The  main  features  of  these  regulations  may  be  stated  as  follows. 
Certain  rules  are  to  be  observed  as  regards  the  width  of  tyres  of  heavy 
motor  cars  and  trailers  having  ordinary  tyres.  The  regulations  do  not, 
however,  apply  to  any  vehicle  having  tyres  which  are  pneumatic  or  which 
are  of  a  soft  or  elastic  material.  The  minimum  width  of  tyre  allowed  is 
5  inches  for  a  heavy  motor  car,  and  3  inches  for  a  trailer  exceeding  one  ton 
in  weight  unladen.     The  actual  width  of  tyre  required  for  any  particular 
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diameter  of  wheel  is  fixed  by  a  varying  scale,  depending  on  the  diameter  of 
wheel  and  the  registered  axle- weight. 

The  total  axle-weights  of  a  heavy  motor  car,  including  load,  is  limited  to 
12  tons,  and  the  weight  borne  on  any  axle  is  not  to  exceed  8  tons.  In  the 
case  of  trailers,  the  axle-weight  is  limited  to  4  tons.  The  speed  of  a  heavy 
motor  car  may  vary  from  five  to  twelve  miles  per  hour,  depending  on  the 
weight  carried,  if  used  with  a  trailer,  or  if  the  tyres  are  pneumatic. 

The  following  Table  (VII.)  is  an  abstract  from  the  Regulations  as  to 
Heavy  Motor  Gars  (1904),  the  first  and  last  prescribed  weights  and  widths 
in  each  case  only  being  given.  The  intermediate  figures  can  be  obtained 
by  calculation  from  the  unit  of  axle-weight  to  be  carried  or  from  the  width 
of  the  driving  wheels  as  the  case  may  be. 

Table  VII. 
Heavy  Motor  Car  Ordevy  1904. 
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of  Wheels. 
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Heavy  Motor 
Gars  (Axle- 

Trailers 
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Not  exceeding 
Tons.  Cwts. 
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5i 
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5 
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15 
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6 
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1         16 

5 

3 
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7 

2    "    6 
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5 

3 
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64 
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7 
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5 

3 

i» 
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6 
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n 
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5 

a 
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11 

54 
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5 

a 
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8 
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5 

a 

»» 
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10 

5 
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H 
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5 

3 

ft 

8           0 
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10 

5 
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5 

3 

n 
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»4 
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3 
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8 
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9 
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9 
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6    "    0 

9i 

4         15 

2         17 

5 

3 

11 

8           0 

4           0 

84 
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84 
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10 
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5 

3 

tt 

8           0 

4           0 

8 
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It  may  be  mentioned  that  the  "unit  of  registered  axle  weight"  in 
each  case  appears  to  be  intended  for  the  hind  or  driving-wheels,  that  in  the 
fore  or  steering  wheels  being  considerably  less.  This  is  advantageous  in 
many  respects  to  the  maintenance  of  macadamized  roads. 

22.  On  roads  which  have  been  newly  coated  and  steam  rolled,  the  con- 
tour is  made  with  a  reasonably  good  rise  to  assist  the  surface  drainage,  in 
which  case,  as  already  pointed  out,  wheels  exceeding  4|  to  6  inches  do 
not  bear  equally  over  their  whole  width.  On  roads  the  surface  of  which 
has  worn  down  in  a  regular  manner,  the  bearing  surface  may  be  8  to  9 
inches,  and  any  width  beyond  this  does  not  appear  to  have  any  compen- 
sating benefits  so  far  as  the  road  is  concerned.  The  unit  of  weight  will 
therefore  in  many  instances  be  greater  than  that  specified  in  the  "  Order." 

It  will  be  observed  that  for  wheels  5|  feet  in  diameter  a  unit  weight  of 
10  cwts.  is  allowed  per  inch  width  of  wheel.  This  is  nearly  twice  as  much 
weight  per  unit  of  width  as  that  exerted  by  a  15-ton  roller  having  approxi- 
mately the  same  diameter  of  wheel  in  consolidating  macadamized  roads, 
and  clearly  points  out  that,  should  these  vehicles  come  into  general  use,  as  is 
anticipated,  the  roads  will  have  to  be  materially  strengthened  to  accom- 
modate this  traffic.  The  effect  of  springs  being  introduced  between  the 
axle  and  frame  no  doubt  lessens  the  concussion  inseparable  from  these 
road  engines  and  wagons  of  rigid  construction.  These  weights  nevertheless 
appear  excessive  for  roads  of  ordinary  construction,  but  as  these  vehicles 
have  been  introduced  with  the  intention  of  promoting  cheap  transport,  it 
follows  that  improved  road  construction  must  be  undertaken.  This  matter 
will  be  treated  more  fuUy  in  Chapter  VII.  on  Road  Rolling. 

23.  The  investigations  which  are  being  carried  out  by  a  committee  of 
the  British  Association  on  the  Resistance  of  Road  Vehicles  to  Traction 
embody  most  interesting  and  valuable  information  on  this  subject.  The 
results  are  contained  in  the  Reports  issued  by  this  Association,  and  are 
given  here  as  an  appendix."*  The  results  of  the  earlier  experimenters, 
which  are  given  in  the  preceding  pages,  and  which  are  embraced  in  the 
"Reports"  referred  to  and  prepared  by  Dr  Hele-Shaw,  contain  also 
much  additional  information  presented  in  a  very  concise  and  instructive 
manner. 

*  For  the  Report  of  the  Briiish  AssociatioD  for  Advancement  of  Science  on  the 
'*  Resistance  of  Road  Vehicles  to  Traction,"  see  Appendix  I. 


CHAPTER    TI. 

LAYING  OUT  NEW  ROADS,  AND  THB  IMPROVEMENT  OF  EXISTING  LINKS  OF 

CX)MMUNIOATION. 

Thb  selection  or  location  of  country  roads  is  carried  out  by  making  an 
examination  or  reconnaissance  of  the  tract  of  country  to  be  traversed,  so  as 
to  obtain  the  requisite  data  for  the  purpose  of  determining  the  best  route 
and  gradients  for  the  proposed  line  of  communication. 

24.  The  most  direct  or  shortest  practicable  route  between  two  points  at 
once  suggests  itself ;  but  this,  in  every  case,  must  be  governed  by  the  natural 
features  of  the  surface  of  the  country.  The  object  aimed  at  is  to 
ascertain  the  most  favourable  direction  in  which  to  lay  out  a  road,  so  as  to 
convey  the  traffic  with  the  least  expenditure  of  motive  power  consistent 
with  reasonable  economy  in  construction  and  in  the  subsequent  maintenance 
of  the  road  and  works. 

25.  "  Economy  of  motive  power  is  promoted  by  low  summit-levels,  flat 
gradients  (as  the  rates  of  declivity  of  lines  of  land-<»rnage  are  called),  easy 
curves,  and  a  direct  line;  but  limitations  to  the  height  of  summits,  the 
steepness  of  gradients,  and  the  sharpness  of  curves,  limit  also  the  power  of 
adapting  the  line  to  the  inequalities  of  the  ground,  and  so  economizing 
works."  * 

In  a  thickly  populated  district  the  new  line  of  communication  is  to  a 
certain  extent  predetermined  by  the  existence  of  towns  and  villages,  while 
in  a  sparsely  populated  tract  of  country  greater  liberty  in  selecting  the  route 
to  be  followed  is  permissible,  as  the  natural  character  of  the  country  alone 
would  form  the  basis  for  selection. 

In  either  case  the  engineer,  in  laying  out  the  line  of  a  new  road,  must 
be  governed  by  the  principles  laid  down  in  the  preceding  chapter,  in  so  far 
as  the  gradients  are  concerned. 

26.  Becoimaissance. — The  general  series  of  operations  preliminary  to 
the  formation  of  a  new  line  of  communication  are  the  examination  or 

*  Rankine'8  Oivil  Ungineering, 
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roconnaiflsance  of  the  country  between  the  points  to  be  connected,  taking 
note  of  the  physical  features  of  the  country,  its  geological  formation  and 
sources  from  which  materials  for  construction  may  be  obtained,  and  the 
probable  requirements  of  the  district  to  be  passed  through.  In  this  work 
the  engineer  will  be  greatly  aided  by  obtaining  the  best  and  most  reliable 
maps  of  the  district.  Flying-levels  are  generally  taken  concurrently,  in 
order  to  ascertain  the  elevations  of  detached  points,  such  as  passes  across 
ridges,  and  valleys,  also  points  where  structures  of  magnitude  may  be 
required. 

27.  General  PrindpleB  to  be  observed  in  the  Field. — In  laying  out 
a  line  for  a  new  road,  the  following  data  should  be  carefully  noted  and 
recorded  in  the  field-book : — 

Examine  the  inclination  of  the  strata,  their  nature  and  condition  as  to 
diyness^ 

Provide  for  the  surface  of  road  being  exposed  as  much  as  possible  to  the 
action  of  the  air  and  sun's  rays. 

Cross  valleys,  rivers,  and  passes  at  right  angles. 

Examine  beds  of  rivers  at  proposed  crossings  and  up  and  down  stream, 
with  a  view  to  secure  stable  foundations  for  bridges,  culverts,  etc. 

Examine  sources,  accesses,  and  distances  of  the  supply  of  material  for 
the  erection  of  structural  works,  and  for  stones  suitable  for  the  road- 
covering. 

Ascertain  accurately  the  level  of  all  existing  lines  of  communication, 
such  as  railways,  roads,  canals,  and  of  rivers  and  streams. 

28.  Method  of  selectiDg  Final  Boute. — It  is  advisable,  before  finally 
fixing  the  direction  which  a  new  road  may  take,  to  lay  out  two  or  more 
trial  lines  in  order  that  a  comparison  can  be  made  and  it  may  be  seen 
which  so  far  complies  with  the  following  requirements.  One  of  the  prin- 
cipal conditions  which  every  line  of  communication  should  satisfy  is  that  it 
connects  the  two  points  by  the  shortest  practicable  route  consistent  with  flat 
gradients  and  economy  of  construction.  A  uniform  gradient  can  always  be 
obtained,  when  there  is  a  continual  rise  of  the  ground  from  the  point  of 
departure  and  the  point  where  the  road  crosses  the  ridge,  in  a  serpentine 
course,  by  following  the  sinuous  and  irregular  formation  of  the  ground.  It 
is  necessary  to  join  the  straight  portions  of  the  line  at  the  points  of  change 
of  direction  by  curves,  concave  towards  the  hollows,  and  convex  going  round 
the  projecting  spurs  of  land.  A  return  to  the  straight  line  is  advisable,  and 
should  be  given  effect  to  at  every  opportunity.  It  is  also  essential  that  a 
uniform  ascent  be  obtained  between  the  two  points  which  are  to  be  con- 
nected, in  order  to  avoid  unnecessary  ascents  and  descents,  thus  causing  a 
loss  of  motive  power.  Long  reaches  of  level,  especially  in  cuttings,  should 
be  avoided,  as  they  add  to  the  difficulty  of  drainage,  and  to  the  subsequent 
cost  of  the  maintenance  of  the  road. 
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29.  Boads  in  Monntainoius  Districts. — ^In  very  hilly  districts  the  route 
may  have  to  be  formed  in  a  zigzag  fashion  in  order  to  maintain  the 
'  maximum '  gradient.  It  is  advisable  that  the  curved  portions  (which  are 
generally  somewhat  abrupt),  connecting  the  straight  sections,  should  have  the 
gradient  reduced  so  as  to  conduce  to  the  safety  of  vehicles  descending.  The 
gradients  of  roads  may  be  classed  into  those  suitable  (1)  for  fast  traffic; 
(2)  for  mixed  traffic ;  and  (3)  for  ordinary  agricultural  transit.  The  first 
will  be  best  satisfied  with  maximum  gradients  of  1  in  50,  the  second  with 
gradients  of  1  in  30,  and  the  third  with  gradients  of  1  in  20.  These 
gradients  should,  if  possible,  be  strictly  adhered  to ;  but  under  certain  con- 
ditions, the  physical  features  of  a  district  involving  great  expenditure  in 
the  construction  of  the  works,  gradients  for  short  distances  may  be  increased 
to  1  in  30  for  fast  traffic,  and  1  in  15  for  agricultural  haulage.  Marshy  or 
very  wet  soils  should  be  avoided,  owing  to  the  difficulty  of  obtaining  a  firm 
foundation  for  the  road,  and  such  places  can  only  be  made  satisfactory  by  an 
effective  system  of  drainage,  the  cost  of  which  would,  in  most  cases,  greatly 
exceed  the  additional  expenditure  incurred  by  deviating  from  the  proposed 
line,  even  though  this  should  entail  a  considerable  detour. 

80.  Topography. — As  bearing  upon  the  general  information  necessary 
to  successfully  lay  out  a  line  of  communication,  it  is  advisable,  when  exploring 
a  district,  to  observe  the  foUowing  positions,  which  are  of  primary 
importance. 

The  physical  features  of  a  tract  of  country  present  an  undulating  and 
irregular  formation,  and  endless  varieties  of  forms  and  combinations.  On 
close  examination,  however,  two  classes  of  lines  or  conditions  of  formation 
are  perceived  to  exist,  which  go  to  make  up  the  general  form  of  the  surface 
of  the  earth.     These  are  called  ridge-lines  and  valley-lines. 

81.  Bidge-Lines. — A  ridge-line  is  distinguished  by  the  property  that 
along  the  whole  of  its  course  it  is  higher  than  the  ground  immediately 
adjacent  to  it  on  either  side ;  it  is  seldom  straight  or  level  throughout  any 
considerable  part  of  its  length,  and  is  generally  irregular  both  vertically  and 
horizontally. 

The  lower  points  or  depressions  on  a  ridge-line  are  termed  passes ;  the 
best  point  to  cross  a  ridge  is  generally  by  one  of  the  lowest  passes. 

82.  Valley-Lines. — A  valley-line,  on  the  other  hand,  is  distinguished  by 
the  property  that  along  the  whole  of  its  course  it  is  lower  than  the  ground 
immediately  adjacent  to  it  on  either  side;  or,  in  other  words,  the  ground 
slopes  upwards  from  it  on  both  sides.  Being  the  lowest  point  in  the 
adjacent  surroundings,  the  water  on  the  surface  of  the  ground  necessarily 
flows  towards  the  valley-Hne  and,  except  when  it  is  landlocked,  runs  along 
it  in  streams,  sometimes  called  'water-course  lines.'  Like  a  ridge-line,  a 
valley-line  is  seldom  level  or  straight  throughout  any  considerable  part  of 
its  len((tlL 
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JSiyere  intersect  the  country  in  yarions  directions,  and  between  their 
point  of  discharge  at  the  sea  and  the  interior,  the  main  or  htrger  river  is 
joined  in  its  course  by  small  ones  or  tributaries,  which,  in  their  turn,  are 
joined  by  brooks  and  rills. 

88.  Maps. — Old  maps  or  plans  of  a  country  showing  the  rivers  and 
principal  water-courses  give  a  tolerably  good  idea  of  the  direction  of  the 
valley-Hnes,  while  the  Ordnance  Maps  of  Britain,  on  the  scale  of  six 
inches  to  one  mile,  show  the  principal  contour-lines  at  every  50  feet  of 
elevation  in  the  flatter  parts  of  the  country,  and  at  every  100  feet  of 
elevation  in  the  more  hilly  parts. 

The  latter  are  of  great  value  to  the  engineer,  as  a  means  of  enabling  him 
to  select  the  best  line  for  the  trial  sections  of  a  proposed  line  of  road. 

A  projected  road  may  be  limited  to  the  connecting  of  several  points  in 
the  same  valley,  or  it  may  have  to  connect  points  in  two  or  more  valleys. 
In  the  former  case,  the  line  of  communication  may  be  wholly  situated  on  one 
side  of  the  river  or  stream,  which  is  the  simplest  case  met  with  in  practice. 
On  the  other  hand,  the  points  to  be  connected  may  be  situated  on  the 
opposite  sides  of  a  valley  and  separated  by  a  river ;  while  in  extreme  cases, 
such  as  in  a  narrow  valley,  owing  to  the  physical  features  of  the  ground, 
the  line  of  the  proposed  road  may  have  to  be  carried  over  the  river  or 
stream  several  times  where  the  waterway  cannot  be  deviated,  or  when  a 
soitable  line  for  the  road  cannot  be  obtained  except  by  a  deep  rock-cutting 
or  tonneL  In  carrying  out  an  extensive  road  system,  it  often  happens  that 
all  the  cases  mentioned  have  to  be  dealt  with,  frequently  perhaps,  through- 
out its  course. 

84.  When  practicable,  the  line  of  road  should  be  laid  out  on  the  driest 
ground  available,  and  its  position  should  be  such  that  the  surface  is  exposed 
to  the  joint  action  of  sun  and  wind.  Roads  made  in  the  lowest  parts  of  a 
valley  are  subject  to  flooding,  while  those  running  along  the  side  of  a  hill, 
especially  where  the  strata  dips  towards  the  valley,  are  liable  during  and 
immediately  after  a  storm  of  rain  to  suffer  from  land  and  earthwork  slips, 
as  well  as  surface- washings. 

85.  Longitudinal  and  Gross  Sections. — In  taking  trial  sections  the 
method  usually  followed  is  to  supplement  the  information  by  taking,  at 
different  points  (especially  where  the  surface  of  the  ground  is  irregular) 
along  the  line  or  route,  cross-sections  of  considerable  length.  This  gives  a 
good  idea  of  the  best  direction  which  the  centre-line  of  the  intended  road 
should  follow  in  order  to  avoid,  as  much  as  possible,  unnecessary  cuttings 
and  embankments. 

In  explanation  of  this,  let  A  B,  fig.  8,  be  a  portion  of  the  proposed  road, 
and  cc  the  breadth  of  country  under  consideration  for  this  purpose.  At 
any  points  along  the  line,  depending  on  the  changes  of  level  of  the  surface 
of  the  ground,  8  «,  contour-lines  are  measured  off  and  fixed  at  right  angles  to 
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AB.  These  lines  should  be  accurately  levelled,  and  then  drawn  on  the 
plan  of  the  line  of  road. 

The  hatched  lines  show  the  form  of  the  surface  of  the  ground  along 
the  lines  A  £  and  c  c  on  the  plan,  and  there  is  no  difficulty  in  seeing  the 
extent  of  cutting  and  filling  required,  and  in  determining  how  the  position 
of  the  intended  line  may  be  varied  with  reference  to  the  natural  surface  of 
the  ground,  so  that  the  cost  of  construction  may  be  reduced  to  the  smallest 
possible  amount.  When  two  or  three  trial  sections  are  taken  between  the 
same  points,  the  various  lines  should  be  compared  in  order  to  ascertain  their 
relative  advantages.  If  the  centre-line  be  changed  in  position  after  due 
consideration  of  the  foregoing,  care  should  be  exercised  in  laying  down 
regular  curves  of  proper  radii  to  join  the  straight  portions  in  the  altered 
position  of  the  line  of  road. 

86.  Laying  Out  Gxade-Line  in  Hilly  Districts.— Another  method  is 
sometimes  followed  when  working  in  a  gradient  round  the  face  of  a  hill  in 
mountainous  districts  where  the  maximum  gradient  must  be  kept  sight  of 
continuaUy.     The  lower  portions  of  the  hills  in  approaching  valleys  are 


Fig.  8.— Trial  sections. 

generally  flatter  than  those  at  and  near  the  summit,  and  the  line  of  road 
may  be  carried  out  in  any  desired  direction  which  will  be  a  continuation  of 
the  portion  of  road  from  the  higher  points.  The  proper  course  is  to  start 
the  trial  section  from  the  pass  at  the  summit  and  work  downhill,  the 
maximum  gradient  line  being  staked  off,  and  the  position  afterwards 
surveyed  and  laid  down  on  the  plan,  when  any  irregularities  in  the  line 
may  be  corrected  so  as  to  show  regular  curves. 

Resting-places,  or  comparatively  level  stretches,  are  sometimes  intro- 
duced when  the  gradients  are  steep  and  continuous :  these  should  be  pro- 
vided at  convenient  intervals  along  the  line  of  road. 

87.  Loss  of  Hei^t. — ^In  selecting  the  position  for  a  proposed  road, 
care  should  be  exercised,  as  already  pointed  out,  to  avoid  useless  ascents  as 
much  as  possible  when  a  subsequent  descent  must  be  made,  and  the  reverse, 
that  is,  introducing  an  intermediate  rise  in  a  descending  gradient.  An 
instance  of  this,  owing  to  the  manner  in  which  the  road  was  laid  out  with 
numerous  and  extensive  useless  ascents,  has  been  noticed  in  the  historical 
sketchy  page  26. 
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88.  Woildiig  Plans  and  Sections,  Staldng  Ont  Gentre-Line,  Sped- 
flcatioiii  and  Eatimates. — Subsequent  to  these  preliminary  operations,  the 
suzrey  for  the  working-plan  is  commenced,  on  which  is  delineated  the 
centre-line  of  the  intended  road  as  finally  fixed  upon.  The  centre-line  is 
Uien  transferred  on  to  the  ground  and  pegs  driven  in  at  intervals,  the  end 
of  the  straight  portions  being  indicated  by  two  pegs.  This  operation  is 
carried  on  until  the  whole  length  of  road  has  been  staked  off,  when  the 
working-section  is  proceeded  with. 

This  longitudinal  section  of  the  route  is  based  on  accurate  levellings  and 
measurements  taken  along  the  centre-line  as  staked  out,  and  afterwards 
laid  down  on  paper  to  suitable  scales,  with  a  horizontal  line  showing  the 
datum,  a  line  representing  the  surface  of  the  ground,  and  lines  marking  the 
levels  of  the  proposed  work.  The  apex,  or  meeting-point  of  all  gradients, 
ahoiild  be  rounded  off  by  a  vertical  curve,  as  shown  in  fig.  9.  Information 
as  to  depth  of  cuttings  and  height  of  embankments  and  other  relative  matter 
should  be  marked  in  figures  on  the  section.  Level-pegs,  numbered  from  0 
npwazds,  are  driven  into  the  ground  at  regular  distances  of  100  to  300  feet, 
depending  on  the  irregularity  of  the  surface  of  the  ground,  cross-sections 
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being  taken  at  these  and  other  intermediate  points  if  necessary,  and  plotted 
on  the  longitudinal  section  to  a  natural  scale.  Bench-marks  of  a  permanent 
nature  should  also  be  established  at  certain  fixed  points,  such  as  near  the 
site  of  a  bridge  or  at  a  change  of  gradient.  When  this  is  accomplished,  the 
detailed  drawings  of  the  various  works  embraced  on  the  line  of  road  can  be 
completed,  and  the  quantities  of  earthwork  in  the  cuttings  and  embankments 
ascertained,  when  an  estimate  of  the  probable  cost  of  constructing  the  road 
can  be  made  with  a  certain  degree  of  accuracy.  To  ensure  greater  precision, 
trial  pits  and  borings  are  sometimes  made  with  a  view  to  ascertain  the 
nature  of  the  strata  of  which  the  ground  is  composed  along  the  line  of 
works,  which  information,  apart  from  its  immediate  use  in  forming  a 
correct  estimate  of  the  cost,  should  be  marked  on  the  plan  and  section  for 
future  reference. 

89.  Intermediate  Towns. — It  will  be  a  matter  for  consideration,  in 
laying  out  a  proposed  new  road  between  two  distant  points,  whether  or  not 
the  towns  which  are  situated  at  some  distance  from  the  line  of  com- 
munication projected  should  be  accommodated  by  branch  roads  striking 
off  the  direct  road,  so  that  all  the  towns  and  villages  within  reasonable  dis- 
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tance  may  be  put  in  mutual  connection.     Commercial  conddeiationa^ 
well  aa  the  physical  character  of  the  ground,  must  govern  this  to  a 
extent.     Assume  in  the  following  instance  that  A  and  £,  fig.  10,  are 
important  towns  which  it  is  desired  to  connect  with  as  direct  a  road, 
with  as  easy  gradients,  as  the  nature  of  the  intervening  ground  will 
of,  and  that  at  some  distance  from  A  there  is,  on  one  side  of  the  direct 
an  intermediate  town  G,  where  an  industry,  though  limited,  is  carried 
Examination,  however,  shows  that  the  village  C  is  situated  at  a  consic 
ably  higher  elevation  than  the  proposed  road  between  A  and  the  point 
and  onwards  for  some  distance  in  the  direction  of  B.    This  phyi 
condition  or  difficulty  would,  if  C  were  put  in  direct  connection 
A  and  B,  and  indicated  by  the  dotted  lines  A,  C,  £,  practically  com 
what  would  otherwise  be  a  well-laid-out  road,  having  easy  gradients,  ii 
one  having  steep  inclines,  necessitating  a  useless  expenditure  of  moti^ 
power  in  transporting  merchandise  along  what  would  then  be  the 
road  if  C  were  on  the  direct  line.     It  is  manifest,  therefore,  that  the  toi 
represented  by  G  would  be  better  accommodated,  having  regard  to 
traffic  on  the  line  of  communication  A  B,  by  making  a  branch  road  G  D. 
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Further,  in  the  direct  line  towards  B  there  are  two  rising  vOlages,  F  and 
G,  from  which  a  considerable  prospective  traffic  is  expected  between  the 
principal  towns  A  and  B,  and  vice  versa.  It  is  desirable  that  each  should 
be  situated  so  that  the  main  road  will  pass  through  them,  but  it  is  apparent 
that  this  arrangement  is  impossible,  as  the  detour,  apart  from  any  other 
consideration,  would  be  very  great,  adding  materially  to  the  length  of  the 
main  road. 

Branch  roads  could  be  laid  down  at  right  angles  to  the  main  road,  but 
the  extra  haulage,  and  consequent  enhanced  cost  in  the  selling-price  of 
goods,  demands  some  consideration.  Assume  that  the  traffic  from  each  of 
the  points  F  and  G  will  amount  to  about  the  same  tonnage,  therefore  an 
equal  claim,  so  far  as  traffic  is  concerned,  exists  in  either  case  for  direct 
communication.  The  physical  character  of  the  ground  at  and  from  these 
points  in  relation  to  the  line  A  B  will,  however,  decide  which  village  should 
have  the  advantage  of  being  placed  on  the  main  road.  If  it  is  found  on 
examination,  and  after  running  trial-sections  from  the  line  A  B  to  F  and  G, 
with  a  view   to  deviate   the  direct  road,  that  the  ground  towards  F  is 
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practically  the  same  as  on  the  direct  line,  while  at  the  point  G  it  is  some- 
what lower,  and  the  surface  of  the  ground  in  the  direction  of  J  and  E  very 
irregular,  it  is  quite  clear  through  which  village  the  main  road  should  pass. 

The  route  thus  decided  upon  will  therefore  follow  the  letters  A,  D,  E,  H, 
Fy  and  I  to  B.  The  point  G  may  be  connected  by  a  line  from  there  towards 
(he  main  road  A  B  at  J  or  E,  but  as  this  would  entail  considerable  extra 
haulage  in  a  direction  opposite  to  that  in  which  the  connecting  road  may  be 
fixed  upon,  it  is  evident  that  this  arrangement  would  affect  the  traffic 
from  G  to  a  considerable  extent,  and  other  means  calculated  to  avoid  this 
detour  are  obviously  necessary. 

This  can  be  effected  by  laying  down  two  branch  roads  G  J  and  G  K, 
and  the  point  G  may  now  be  considered  in  as  good  a  position  in  relation  to 
the  main  road  as  the  point  F.  It  must  be  remembered,  however,  that  the 
gradients,  as  has  already  been  pointed  out,  from  G  to  J  and  G  to  E  are  not 
so  favourable  to  traction  compared  with  the  deviated  part  of  the  direct  line 
Hy  F,  I.  The  saving  in  transport  on  the  shorter  route  will  be  proportionate 
to  the  tonnage  carried,  and  assuming  the  distance  saved  to  be  one  mile,  it  is 
evident  that  a  saving  of  sixpence  per  ton  at  least  would  be  effected  on  each 
(on  of  goods  conveyed  between  these  two  points,  which  would  represent  a 
eonsiderable  sum  of  money  per  annum. 

40.  Laying  out  New  Boads  in  actual  practice.  —  In  the  following 
instance,  taken  from  actual  practice,  the  object  in  view  was  to  lay  out  a  new 
line  of  communication  to  connect  two  existing  roads  running  nearly  parallel, 
and  a(  a  distance  of  about  1|  miles  from  each  other. 

The  existing  roads  are  situated  in  separate  valleys,  with  a  hill  or  ridge 
intervening,  and  the  only  connection  between  them  was  formerly  by  a  road 
having  gradients  at  several  points  of  1  in  18,  and  at  one  or  two  points  1  in 
10.  By  the  construction  of  the  new  road  a  detour  or  saving  in  distance  of 
1}  miles  was  effected. 

The  class  of  traffic  to  be  accommodated  consisted  of  fast  and  slow 
Tehicles,  in  other  words,  mixed  traffic,  and  a  maximum  gradient  of  1  in  30 
was  therefore  fixed  upon  as  that  fulfilling,  under  the  circumstances,  the 
conditions  already  laid  down  in  this  and  the  preceding  chapter.  Fig.  11, 
Plate  I.,  shows  the  two  existing  and  nearly  parallel  roads.  A,  B,  C  and 
D,  E,  F,  while  the  cross  road,  which  formed  the  only  connection  between 
these  previous  to  making  the  new  one,  is  shown  at  A  D  on  plan.  Owing  to 
a  continued  and  increasing  traffic  to  and  from  the  coast  in  a  south-westerly 
direction,  it  was  considered  desirable  to  establish  a  more  direct  route, 
having  gradients  over  which  fast  traffic  could  be  conducted  without  much 
inconvenience  to  the  prime  mover.  The  first  matter  necessary  to  be  deter- 
mined was  at  what  point  the  intended  road  should  leave  the  existing  one 
between  A  and  G.  Fig.  12  shows  a  longitudinal  section  of  this  road,  and 
••  (he  new  road  must  necessarily  start  on  a  rising  gradient,  it  is  evident  that 
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the  most  suitable  spot  of  departure  is  at  B,  because  it  is  the  highest  point  on 
the  existing  road.  This  point,  therefore,  was  fixed  on  as  the  starting-place 
for  the  intended  road.  The  point  of  arrival  on  the  road  D  F  had  likewise 
to  be  determined,  and  on  referring  to  a  section  of  this  road,  fig.  12,  it  would 
appear  the  farther  east,  or  in  the  direction  of  D,  the  junction  was  made, 
that  the  gradients  would  be  flatter.  No  doubt  this  is  the  case,  but,  on  the 
other  hand,  this  would  to  a  certain  extent  defeat  the  object  in  constructing 
the  new  road,  namely,  that  of  as  direct  a  route  as  possible.  By  going  too 
far  in  the  direction  of  F  an  unnecessary  ascent  would  have  to  be  overcome 
which  would  only  make  the  new  road  longer  without  any  compensating 
advantage. 

The  point  £  was  therefore  fixed  upon  as  the  termination  of  the  intended 
road  and  junction  with  the  existing  one,  D  F. 

The  first  consideration  in  laying  out  a  new  road  being  that  of  a  direct 
route,  a  trial  line  may  be  drawn  on  plan,  fig.  11,  between  the  point  of 
departure  B  and  the  terminal  point  E,  in  order  to  show,  in  this  particular 
instance,  that  the  shortest  route  must  be  subservient  to  that  having  suitable 
gradients.  A  section  of  the  intervening  ridge  between  the  existing  roads 
situated  in  the  two  different  valleys,  made  from  the  contour  lines  on  plan, 
clearly  shows  that  such  a  route  is  impracticable,  owing  to  the  steep  ascents 
and  descents  on  either  side  of  the  ridge.  This  can  generally  be  seen  at  a 
glance,  as  the  steepest  parts  of  the  surface  of  the  ground  are  at  right  angles 
to  the  contour  lines.  The  route  for  the  new  road  had  therefore  to  be  laid 
out  along  the  slope  of  the  hill  in  a  direction  tending  towards  E ;  and  crossing 
the  ridge  at  its  lowest  point  or  pass  G,  the  line  of  road  was  then  continued 
in  a  southerly  direction  to  its  termination  at  E. 

On  referring  to  the  Ordnance  Map,  a  reduced  copy  of  which  is  shown  in 
fig.  11,  it  will  be  observed  that  the  summit  level  is  384*00  feet,  while  the 
height  of  the  existing  road  at  the  point  B  is  134*00,  or  a  difference  of 
250*00  feet.  The  approximate  length  of  road  between  these  points  was  ascer- 
tained to  be  about  8180  feet,  giving  a  uniform  gradient  from  B  to  G  some- 
what easier  than  1  in  30.  As  this  was  the  rate  of  inclination  originally  fixed 
upon,  and  as  there  would  be  no  necessity  under  the  circumstances  to  form 
a  heavy  embankment  immediately  south  of  the  point  B,  where  the  ground  is 
low,  which  would  be  the  case  if  the  maximum  gradient  were  commenced 
from  the  existing  road  at  that  point,  it  was  decided  to  lay  out  the  portion 
from  the  point  B  for  a  distance  of  289  yards  with  a  gradient  of  1  in  50. 

The  difference  of  level  in  comparison  to  the  length  of  road  also  admitted, 
having  regard  to  the  maximum  gradient  fixed  upon,  of  a  short  level  stretch 
being  introduced  on  the  line  of  new  road  midway  between  the  point  B  and 
the  summit  G. 

The  method  followed  in  laying  down  the  approximate  route  was  to  start 
from  the  fixed  point  G,  and  stake  out  the  maximum  gradient  line,  on 
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the  surface  of  the  ground,  down  hill  on  the  north  side  of  the  ridge.  A 
somewhat  similar  process  was  carried  out  in  fixing  the  direction  of  the  line 
between  the  summit  and  the  point  £,  heing  the  lowest  point  of  the  valley 
at  the  stream,  and  requiring  an  emhankment  of  considerable  height. 

The  whole  length  of  the  proposed  route  was  then  surveyed,  and  the 
horizontal  position  of  the  gradient  pegs  carefully  plotted  on  the  plan  as 
shown,  with  dotted  lines  between  them.  The  method  here  pursued,  owing 
to  the  irregular  formation  of  the  ground,'  necessitated  the  route  following  a 
sinuous  course. 

The  final  line  was  then  adjusted  on  the  plan,  following  the  position  of 
the  gradient  pegs  as  near  as  possible,  in  giving  the  line  a  regular  course 
with  straight  lines  and  easy  curves,  regard  being  paid,  with  a  view  to  a 
moderate  outlay  of  capital,  to  equalize  as  much  as  possible  the  cuttings  and 
embankments.  The  alignment  of  this  road,  although  following  to  a  consider- 
able extent  a  sinuous  course,  does  not  add  in  any  appreciable  degree  to  its 
length  compared  with  a  practically  straight  road  along  and  down  the  side 
of  the  hill.  A  sinuous  course  is  in  most  cases  a  decided  advantage,  from  a 
maintenance  point  of  view,  as  on  a  winding  road  the  wheel  traffic  spreads 
over  the  whole  surface,  which  seldom  takes  place  on  a  straight  road,  espe- 
cially when  level  horizontally. 

The  route  was  then  staked  out  on  the  ground,  and  the  final  detailed  or 
working  section  prepared,  with  numerous  cross-sections  taken  at  convenient 
points,  to  determine  exactly  where  retaining  walls  were  necessary  to  supple- 
ment the  earthworks  in  forming  the  road.  The  longitudinal  section  in  such 
cases  should  also  have  marked  on  it  the  level  of  the  ground,  the  level  of 
the  proposed  work,  and  the  height  of  embankment  or  depth  of  cutting, 
at  numerous  points,  where  the  level  of  the  ground  has  been  taken ;  these 
should  be  found  by  calculation  and  not  by  measurement  from  the  plans. 

The  trial-section  of  this  road  showing  the  gradients  is  illustrated  a^ 
fig.  12,  Plate  I.,  and  the  working-section  of  a  portion  of  the  road  is  showr 
at  fig.  12  a,  Plate  I.  Detailed  drawings  of  bridges,  culverts,  retaining  walls, 
and  the  road  covering  should  be  provided,  and  a.  detailed  written  specifica- 
tion prepared  showing  the  manner  in  which  the  embankments,  excavations, 
masonry,  and  other  works  are  to  be  executed. 

41.  The  principles  laid  down  in  this  and  the  preceding  chapter  equally 
apply  to  carrying  out  improvements  of  gradients  on  existing  roads  which, 
in  hilly  districts  in  most  parts  of  the  country,  have  to  a  great  extent  been 
laid  down  with  only  one  object  in  view,  namely,  that  of  a  direct  line.  The 
great  sacrifice  thus  entailed,  through  steep  gradients,  in  the  cost  of  trans- 
portation, is  a  serious  one,  which  could  have  been  avoided  in  many  cases 
by  a  little  scientific  knowledge  of  what  is  necessary  in  laying  out  a  new 
road,  so  as  to  accomplish  the  greatest  amount  of  work  in  haulage  at  the 
least  expenditure  of  motive  power.     In  other  words,  a  lasting  benefit  would 
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have  resulted  had  these  roads  been  properly  laid  oat  when  constructed,  in  ihi    , 

form  of  greater  facility  for  travelling,  avoiding  wasteful  expenditure  of  power-  i 

in  the  conveyance  of  goods,  less  wear  of  horses,  and  repairs  to  vehicle^  as  wdl 

as  a  saving  of  time.     The  surface  is  less  damaged  by  the  traffic  on  roadi 

having  easy  gradients,  and  involves  less  expenditure  for  maintenance. 

42.  Improving  Gradients  on  existing  Boads. — ^The  following  exampb 
of  a  cross-country  road  is  a  case  in  point  where  had  the  route  followed  j 
the  proposed  line,  one  horse  could,  without  any  great  exertion,  have  haolad^ 
an  ordinary  load,  which  requires  two  horses  to  perform  over  the  exi 
road  at  present. 

On  the  plan,  fig.  13,  Plate  II.,  the  existing  road,  so  far  as  where  th( 
steep  gradients  are  situated,  is  shown  at  A  £,  which  it  will  be  observed  \i 
nearly  straight  from  point  to  point.  On  referring  to  the  longitudinal  section 
of  this  road,  fig.  14,  Plate  II.,  it  will  be  seen  that  the  gradients  are  very 
steep  on  either  side  of  the  first  ridge  with  a  valley  and  ridge  beyond. 
This  case,  like  many  others  situated  in  similar  circumstances,  may  be  taken 
as  analogous  to  the  road  between  London  and  Barnet  already  mentioned, 
and  as  an  instance  of  laying  out  a  road  with  useless  ascents  when  a  sub- 
sequent descent  must  be  made.  The  number  of  feet  actually  ascended  is 
most  unnecessarily  increased  when  such  height  once  gained  is  lost  again. 
The  improvement  referred  to  is  shown  on  plan,  at  A,  0,  B,  fig.  13,  the 
length  of  deviated  road  compared  with  the  present  one  being  about  180  yards 
longer.  This  additional  length  to  be  traversed  is  of  little  consequence,  how- 
ever, when  the  improved  gradients  are  taken  into  consideration.  A  longi- 
tudinal section  of  the  proposed  road  is  shown  in  fig.  14,  Plate  II.,  and  also  the 
surface  of  the  existing  road  is  represented  on  the  section  by  dotted  lines. 

The  proposed  new  road,  after  leaving  the  existing  one  at  A,  branches 
slightly  towards  the  west  on  a  rising  gradient  of  1  in  38,  and  attains  the 
ridge  of  the  first  hill  at  C ;  as  the  surface  of  the  ground  falls  considerably 
between  that  point  and  D,  it  is  necessary  to  introduce  a  minimum 
gradient  in  order  not  to  lose  any  height  already  gained.  By  this  means  the 
point  D  is  reached,  where,  owing  to  the  ground  rising  somewhat  abruptly 
towards  the  north,  it  is  necessary  to  curve  the  line  towards  the  east,  and 
crossing  the  existing  road  at  E,  is  gradually  curved  backwards  till  it  joins 
the  present  road  at  the  point  B.  The  gradients  on  the  deviated  line  of 
road,  it  will  be  observed,  are  such  that  a  horse,  by  a  slight  efibrt,  could 
surmount  the  steepest  incline  readily,  even  with  what  is  usually  considered 
a  load  on  a  level  road.  In  connection  with  this  subject,  it  is  necessary  to 
bear  in  mind  that  a  horse  can,  for  a  short  time,  exert  an  effort  two  or  three 
times  greater  than  that  which  he  can  keep  up  steadily  during  a  day's  work. 
Steeper  ascents  for  short  distances  can  therefore  be  surmounted,  while 
excessively  steep  ones  may  be  overcome  oftentimes  by  the  horses  volun- 
tarily pursuing  a  zigzag  course  in  search  of  an  easier  gradient. 
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48.  The  advantage  of  straightness  is  in  many  instances  overestimated. 
The  curving  road  ronnd  a  hill  may  often  be  no  longer  than  the  straight  one 
over  it;  for  the  latter  is  straight  only  with  reference  to  the  horizontal 
plane,  but  curved  as  to  the  vertical  plane,  while  the  former  is  curved  as  to  the 
horizontal  plane,  but  straight  as  to  the  vertical  plane.  This  is  strikingly 
illustrated  by  the  road  shown  on  Plate  I.,  fig.  11.  The  distance  between  B 
and  £,  taken  in  a  straight  line  over  the  rising  and  falling  ground,  is  practi- 
cally the  same  as  on  the  curving  road  round  the  hill  from  the  same  points, 
namely,  B  and  £. 

Mi  The  improving  of  many  roads  could  be  effected,  in  comparatively  short 
stretches,  by  re-locating  the  roads,  which  would  result  in  many  advantages. 
A  common  defect  in  country  roads,  especially  in  undulating  and  hilly 
districts,  is  that  distance  has  been  saved  by  a  disregard  of  the  desirability  of 
easy  gradients.  In  the  original  location  of  many  roads  the  errors  already 
referred  to  exist  in  a  more  or  less  pronounced  manner,  and  when  from  such 
causes  as  building  operations  the  road  cannot  be  improved.  It  is  therefore 
a  permanent  legacy  established  for  all  time  coming,  to  the  disadvantage 
of  those  using  the  highways  so  affected.  In  improving  sharp  comers  the 
shortest  radius  of  curvature  of  from  50  to  100  feet  may  be  employed,  and 
that  portion  of  the  road  situated  on  the  curve  should  be  practically  level 
horizontally  and  super-elevated  at  the  outer  edge  by  continuing  the  camber 
from  the  inner  water-table  to  the  centre  and  beyond  to  the  outer  side  of 
the  road.  This  arrangement^  although  hitherto  not  much  practised  in 
this  country,  becomes  necessary  where  motor  car  traffic  exists  in  order  to 
prevent  side  slipping  and  ensure  safety  when  traversing  the  curved  portion 
of  the  road. 

The  altering  and  improving  of  dangerous  corners,  the  reducing  of 
gradients,  and  the  widening  of  narrow  roads  so  necessary  in  many  localities, 
have  not,  unfortunately,  been  hitherto  carried  out  by  County  Councils 
in  so  expeditious  a  manner  as  was  to  be  expected  on  the  advent  of  fast 
travelling  vehicles. 

45.  It  is  often  stated  that  in  most  parts  of  the  country  roads  are  already 
located  and  constructed  so  that  small  improvements  are  only  necessary 
to  cope  with  the  increasing  trafiic.  This  may  be  so  far  the  case  in  regard 
to  dangerous  comers  and  steep  gradients,  but  the  congestion  of  traffic  met 
with  in  most  cities  and  many  large  towns  clearly  points  to  the  immediate 
necessity  of  constmcting  new  direct  and  wide  main  roads  from  these  centres 
of  activity  into  the  adjoining  counties.  On  the  other  hand,  it  is  also 
necessary  to  form  new  roads  passing  on  the  outskirts  of  these  towns  for 
the  exclusive  use  of  fast  through  traffic  from  points  situated  on  either  side 
of  these  populous  places.  This  arrangement  would  not  only  avoid  the 
through  traffic  passing  along  the  already  busy  local  thoroughfares  of  these 
towns,  but  would  provide  a  means  of  accommodating  all  descriptions  of  motor 
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and  fast  travelling  vehicles.  These  new  arteries  would,  it  is  considered, 
meet  the  exigencies  of  present-day  traffic,  which  has  increased  greatly  in 
amount  and  changed  in  character,  and  would  appear  to  justify  their 
construction. 

46.  Many  proposals  have  been  made  of  late  for  the  constructing  of  new 
trunk  roads  from  London  to  the  different  counties  surrounding  the  city. 
One  of  the  latest  schemes  is  a  proposal  to  constnict  a  trunk  road  from 
London  to  Brighton  exclusively  for  the  use  of  motor  car  traffic.  The 
length  of  this  new  road  is  forty  miles,  and  the  cost  is  estimated  at 
£1,000,000.* 

*  Surveyor  and  Municipal  and  County  Engineer,  10th  November  1905. 


CHAPTEE  III. 

EARTHWORKS,  DRAINAGE,  RETAINING  WALLS,   CULVERTS,   BRIDGES,   AND 

PROTECTION  OF  ROADS. 

47.  Eqiialiring  Earthworks. — Earthwork,  as  generally  understood,  em- 
braces not  only  the  excavation  of  the  looser  materials  of  the  earth's  crust, 
but  rock  also.  In  selecting  the  final  direction  and  gradients  of  a  new  road, 
it  is  obvious  that  due  regard  must  be  observed  to  equalizing  the  cuttings 
and  embankments,  so  that  the  earth  taken  from  the  one  may  be  sufficient 
to  form  the  other,  or,  in  other  words,  the  earthwork  should  be  redistributed 
along  the  line  of  road.  Unnecessarily  heavy  works  are  thereby  avoided, 
and  the  outlay  of  capital  involved  is  a  consideration  of  greater  importance 
than  the  mere  maintaining  of  a  strictly  direct  line.  In  the  generaUty  of 
cases  occurring  in  practice  the  engineer  is  obliged,  in  arriving  at  this,  to 
resort  to  a  system  of  approximation  ;  for  this  purpose  the  line  of  road  should 
be  divided  into  several  sections,  to  be  treated  separately  in  the  first  instance, 
and  finally  in  connection  with  the  adjoining  sections. 

It  is  advisable,  in  many  instances,  in  carrying  out  the  adjustment  of 
the  earthworks,  owing  to  the  distance  apart  of  the  cutting  from  the  em- 
bankment on  a  line  of  road,  to  construct  the  embankment  when  possible 
from  side-cutting,  thus  avoiding  the  great  expense  necessitated  by  having 
to  transport  the  material  an  excessive  distance.  In  like  manner,  trans- 
ferring earth  from  a  cutting  situated  a  considerable  distance  from  an 
embankment  on  the  line  of  works,  especially  when  of  an  unsatisfactory 
nature,  may  in  some  cases  be  deposited  on  the  adjoining  ground  contiguous 
to  the  works.  This  method  of  disposing  of  the  earth  from  the  cuttings 
is  known  as  forming  a  spoil-bank. 

48.  Transverse  Balancing. — Transverse  balancing  in  hilly  parts,  or  in 
sidelong  ground,  as  already  indicated,  is  accomplished  by  locating  the 
centre  line  of  the  road,  so  that  the  cutting  from  the  one  side  will  form 
the  embankment  on  the  other.  The  cost  of  transport  compared  with  that 
of  excavation  and  the  value  of  land  from  which  side-cutting  is  taken,  or 

57 


58 


ROAD  MAKING  AND  MAINTENANCE. 


8poil- banks  are  formed,  will  determine  the  distance  within  which  the 
balancing  of  the  earthworks  most  be  established. 

49.  Side  Slopes. — The  forming  of  the  side  slopes  requires  consider- 
able attention,  so  as  to  ensure  stability,  and  prevent  slipping.  The 
resistance  to  slip  arises  partly  from  the  friction  between  the  grains  com- 
posing the  soil  and  partly  from  their  mutual  adhesion. 

Friction  is,  however,  the  only  force  which  can  be  relied  upon  for 
permanent  Btability,  as  the  adhesion  of  the  earth  is  destroyed  by  the  action 
of  air  and  moisture,  this  being  especially  the  case  during  alternate  frost 
and  thaw.  The  nature  of  the  soil,  its  condition  as  to  internal  moisture 
and  the  atmospheric  influence,  therefore,  combine  in  fixing  the  inclination 
of  the  side  slopes. 

50.  The  slopes  of  earthwork  are  generally  described  in  the  ratio  of 
the  horizontal  breadth  to  the  vertical  height.  The  angle  of  repose,  or,  as 
it  is  generally  termed,  the  natural  slope  at  which  different  kinds  of  earth, 
by  friction  alone,  will  remain  permanently  stable,  is  shown  in  the  following 
table  given  by  Professor  Rankine  in  his  work  on  Civil  Engineering. 

Tablb  VIII. 
Natural  Slopes  of  Earths  (with  horizontal  line). 


Earth. 

Angle  of  Repose. 

CoeflScient  of 

1^1*1  r*f'inn 

Customary 
designation  of 

Natural  Slope. 

Dry  sand,  clay,  and  mixed 

/  from  37' 
1    to    21* 

0-76 

1-33  tol 

earth,    .... 

0*38 

2-68  to  1 

Damp  clay, 

45" 

1-00 

1       tol 

Wet  day, 

■ 

f  from  17' 
1    to    14' 

0-81 
0-25 

8-28  to  1 
4       tol 

Shingle  and  gravel,  . 

- 

r  from  48' 
1    to    85' 

1-11 
0-70 

0-9    tol 
1-43  tol 

Peat,        .... 

/  from  45" 
t    to    14' 

1-00 

1       tol 

0-25 

4       tol 

The  slopes  most  frequently  adopted  for  earthwork  are  those  designated 
1^  horizontal  to  1  perpendicular,  and  2  to  1,  corresponding  to  the  angles  of 
repose,  33J'  and  26^'  nearly. 

51.  Rock  cuttings,  the  material  of  which  does  not  disintegrate  on 
exposure  to  the  action  of  the  weather,  may  be  formed  with  perpendicular 
sides,  but  generally  a  slope  of  1  horizontal  to  2  perpendicular  is  given  to 
admit  of  free  action  of  the  sun's  rays  on  the  road  surface. 

02.  For  a  similar  reason  the  side  slopes  on  the  south  side  of  roads  in 
northern  latitudes  are  sometimes  made  flatter  than  the  natural  slope  given 
to  that  part  of  the  cutting  on  the  north  or  opposite  side.  By  this  arrange- 
ment the  surface  of  the  roadway  is  exposed  to  the  action  of  sun  and  air, 
causing  rapid  evaporation  of  the  moisture  on  the  surface. 
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08.  Stratified  soils  and  rocks,  which  have  a  dip  to  the  horizon,  are 
liable  to  slips  caused  by  one  stratum  becoming  detached  by  the  action  of 
frost  or  water  and  sliding  on  another,  the  worst  combination  being  that 
of  soils  formed  of  alternating  beds  of  clay  and  sand. 

M.  Embankments. — Embankments  of  any  height  should  be  formed 
with  great  care.  They  may  be  carried  out  by  laying  the  material  from 
the  excavation  in  successive  layers  of  from  3  to  4  feet  in  thickness,  and 
thoroughly  pounding  each  layer.  This  is,  however,  an  expensive  process, 
and  seldom  resorted  to  in  ordinary  works  of  any  extent. 

The  method  usually  followed  is  to  run  the  extreme  outsides  of  the 
embankment  first,  and  then  gradually  fill  up  the  centre  portion,  by  which 
means  greater  solidity  is  secured  than  when  the  embankment  is  carried 
forward  and  the  material  tipped  from  one  end  only.  By  this  arrangement 
the  layers  are  formed  with  an  inclination  inwards,  counteracting,  so  to  speak, 
as  a  whole,  any  tendency  to  sUp  outwards.  During  the  construction  of  an 
embankment,  due  consideration  must  be  given  to  the  settlement  of  the 
loose  or  excavated  material  which  takes  place.  It  is  advisable  to  make  the 
height  and  width  of  the  embankment  greater  than  the  dimensions  ultimately 
required ;  the  amount  allowed  for  settlement  varies  according  to  the  class  of 
material,  but  may  be  from  one-twelfth  to  one-fifth  of  the  total  height. 

It  is  usual,  as  a  precautionary  measure,  to  form  a  slight  excavation  at 
the  tail  or  toe  of  the  slope  to  give  the  material  forming  the  embankment 
additional  stability. 

55.  Gonaolidating  Embankments. — The  compacting  of  embankments 
and  road  beds  generally,  until  the  material  composing  them  forms  a  uniform 
and  unyielding  surface,  is  carried  out  in  the  United  States  and  other 
countries  by  the  use  of  a  horse  roller  weighing  about  3  tons.  The  roller 
is  about  5  feet  wide,  and  is  ribbed  or  corrugated  similar  to  corduroy.  The 
formation  level  or  foundation  of  a  road  is  consolidated  in  this  country  by 
the  aid  of  a  steam  roller.  It  requires,  owing  to  its  weight,  very  careful 
handling  on  newly-formed  embankments  of  any  great  height.  Depressions 
are  made  good  by  the  application  of  material  similar  to  that  of  which  the 
formation  of  the  road  is  composed. 

56.  Embankments  on  Sidelong  Ground. — On  sidelong  ground  different 
methods  are  employed  in  order  to  secure  a  solid  basis  for  an  embankment 
sustaining  a  road.  Where  the  inclination  of  the  natural  surface  of  the 
ground  is  not  great,  and  the  formation  of  the  road  is  partly  in  cutting  and 
partly  in  embankment,  the  method  of  cutting  the  surface  of  the  ground 
into  steps,  shown  in  fig.  15,  is  generally  adopted.  The  natural  surface  of 
the  ground  is  represented  by  ab,  the  steps  or  benches  are  shown  at/,/,/, 
and  the  formation  level  at  c  d.  The  best  position  for  these  steps  is  perpen- 
dicular to  the  axis  of  greatest  pressure. 

On  sloping  ground  under  similar  conditions,  but  with  the  natural  surface 
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lying  at  a  considerable  inclination,  the  above  method  of  construction  will 
not  be  sufficiently  secure,  and  recourse  must  be  had  to  some  other  means 
of  effecting  this. 

57.  Retaining  walls  of  sufficient  thickness,  built  either  dry  or  with  the 
stones  laid  in  mortar  to  support  the  roadway,  are  constructed  for  this 
purpose.  These  walls  may  have  to  be  built  on  either  side  of  the  roadway 
to  sustain  the  embankment  on  the  lower  side,  and  the  portion  in  excavation 
on  the  higher  part.  The  wall  which  sustains  the  embankment  should  be  built 
up  to  the  level  of  the  roadway  and  a  parapet  or  fence  wall  erected  upon  it, 
to  protect  pedestrian  and  vehicular  traffic  against  accident.  When  neces- 
sary to  erect  a  wall  to  form  the  slope  or  sustain  the  ground  in  excavation, 
it  should  be  carried  up  to  a  height  to  meet  the  natural  surface  of  the 
ground.  The  arrangement  of  retaining  walls  on  sidelong  cutting  is  shown 
at  fig.  16,  a  5  being  the  natural  surface  of  the  ground.     Considering  the 


Fio.  15. — Cross-section  of  a  road  showing  mathod  of  stepping  adopted  in 

sidelong  ground. 

inclination  of  the  natural  surface  of  the  ground  a  &,  it  is  evident  that  such 
a  long  embankment  slope  z&  dh  would  endanger  the  stability  of  the  road- 
way. It  is  necessary,  therefore,  to  secure  the  solidity  of  the  road  in  a  more 
permanent  manner  by  the  substitution  of  retaining  walls  for  an  embank- 
ment on  such  a  slope  as  that  represented  in  the  diagram.  Under  certain 
circumstances  it  might  also  be  advantageous  to  build  a  retaining  wall  at  e, 
to  retain  the  part  in  excavation,  as  a  long  slope  exposed  to  the  drainage 
of  the  higher  ground  would  in  time  cause  the  material  composing  it  to  bo 
washed  on  to  the  road,  and  in  all  probability  create  a  landslip.  If  a  foot- 
path is  to  be  formed  alongside  of  a  road  in  sidelong  ground  it  should  be 
placed  on  the  portion  embanked,  leaving  as  much  as  possible  of  the  solid 
ground  for  vehicular  traffic. 

08.  Roads  formed  over  Low-lying  or  Marshy  Ground In  crossing 

plains  or  marshy  ground  it  is  necessary  to  form  the  surface  of  the  road  well 
above  the  general  level  of  the  surrounding  coimtry  in  order  that  it  may  be 
kept  as  dry  as  possible.  This  is  particularly  the  case  where  the  line  of 
communication  traverses  a  district  subject  to  inundation.    The  best  method 
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of  ftocomplishing  this  is  to  excavate  ride  treDchea  at  miflicieDt  diatancea 
iput  on  either  aide  of  the  roadway,  from  3  to  4  feet  deep,  18  inches  to  2 
feet  wide  at  bottom,  and  having  side  slopes  3  to  1,  Thia  excavated  material 
is  made  use  of  in  lairing  an  embankment  between  the  trenches,  so  as  to 
elevate  the  road  surface  above  any  possible  inundation,  and  the  side  ditches 
will  aarve  to  collect  the  surface  water  and  discbarge  it  to  the  neatest  stream 
or  water-conrBe. 

Soft  or  marshy  ground  is  a  difficult  aa  well  as  an  expensive  obstacle  to 
overcome  in  the  constmction  of  a  new  rood.  It  must  be  borne  in  mind  that 
laying  oat  a  road  under  these  conditions  is  only  undertaken  when  no  other 
reasonable  alternative  is  possible,  such  as  deviating  from  a  direct  line  l^ 
making  a  detour  even  of  considerable  length.    The  work  can  only  be  accom- 


plished properly  by  druning  the  subsoil,  so  as  to  consolidate  the  ground  as 
mnch  as  possible,  and  forming  an  embankment  to  carry  the  roadway.  Thb 
is  effected  by  excavating  a  trench  in  the  soft  ground  to  a  depth  varying  with 
the  degree  of  difficulty  to  be  overcome,  and  then  filling  in  the  trench  with 
■table  material.  The  level  part  of  the  excavated  portion  of  the  trench  is 
Bude  of  a  width  corresponding  to  the  width  of  tho  formation  lovel  of  the 
road,  while  the  slopes  of  the  trench  should  be  inclined  at  tho  angle  of 
repose  of  the  soft  material  composing  the  natural  ground.  The  slope  of 
the  stable  materials  forming  the  embankment  is  made  to  correspond  with 
that  of  the  trench  slopes,  and  as  this  is  much  flatter  than  necessary,  a 
broader  foundation  and  consequently  increased  stability  are  secured. 

Another  method  of  making  soft  ground  suitable  for  carrying  a  roadway 
is  to  drive  in  short  piles  ;  this  has  the  effect  of  consolidating  the  mass  of  soft 
earth.  Fascines,  hurdles,  and  dry  peat  have  also  been  at  times  employed 
[or  a  dmilot  purpose  with  good  effect.     Should  these  expedients  fait,  a  bog 
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or  marshy  ground  may  be  made  secure  by  tipping  sand,  gravel,  or  stones 
upon  it  in  order  to  form  an  embankment  which  will  rest  on  the  hard 
stratum  below  the  moss,  and  raising  the  upper  surface  to  the  required  level 
The  slopes  of  an  embankment  thus  formed  assume  the  same  inclination  as 
they  would  have  under  ordinary  conditions. 

59.  Half-widths  and  Extent  of  Ground  required. — When  the  inclina- 
tion of  the  slopes  has  been  determined,  the  half-widths,  or  distance  on 
either  side  of  the  roadway,  may  be  staked  o£f,  and  the  area  of  land 
computed,  allowing  6  feet  on  either  side  beyond  the  formation  level  or  the 
edge  of  the  slope. 

60.  Finishing  Slopes,  Drainage. — The  slopes  of  cuttings  and  embank- 
ments should  be  dressed  to  regular  surfaces  with  soil  from  3  to  6  inches 
deep  and  sown  with  grass  seed.  The  vegetation  to  a  great  extent  dimin- 
ishes the  effect  of  rain  washing  or  running  down  the  slopes,  forming  gullies, 
and  helps  to  prevent  any  tendency  to  side-slips.  Where  the  slopes  are 
exposed  at  times  to  the  action  of  running  water  they  should  be  covered 
with  dry  stone  pitching  12  inches  thick  and  of  a  height  sufficient  to  protect 
the  material  of  which  the  embankment  is  formed. 

61.  The  numerous  and  diverse  nature  of  circumstances  met  with  in  the 
laying  out  and  construction  of  roads  are  such  that  no  definite  rules  can  be 
laid  down  to  embrace  all  case&  The  engineer  will  have  to  consider  which 
form  of  constructioa  will  best  suit  the  particular  piece  of  work  undertaken, 
with  a  view  to  economy  in  carrying  out  the  operations  involved,  the 
stability  of  the  works  generaUy,  and  the  subsequent  maintenance  of  the 
road.  In  executing  the  necessary  work  in  cuttings  and  embankments, 
level  pegs  are  fixed  indicating  the  depth  or  height  of  formation  at  con- 
venient points,  so  that  the  workmen  are  enabled,  by  the  use  of  boning  rods 
or  cross  heads,  to  keep  the  intermediate  position  of  the  earthwork  at  its 
proper  level.  Important  points,  such  as  where  a  curve  joins  a  straight  line, 
should  be  transferred  during  the  progress  of  the  works  by  means  of  pilot 
pegs.  This  is  accomplished  by  ranging  a  straight  line  from  the  point 
in  question,  fixing  two  pegs  clear  of  the  line  of  works  and  measuring  the 
distance  apart  of  these ;  the  tangent  point  can  then  be  readily  re-established 
after  the  earthwork  is  completed.  A  similar  operation  should  be  carried 
out  where  important  structures  are  to  be  erected. 

The  volume  or  cubical  quantity  of  a  piece  of  earthwork  is  ascertained  by 
computing  the  area  of  a  series  of  cross-sections  of  known  distances  apart,  and 
the  quantities  obtained  are  stated  in  cubic  yards. 

62.  Drainage. — The  drainage  of  roads  is  of  two  kinds,  namely,  surface 
and  subsoil.  It  is  one  of  the  most  important  operations  in  connection 
with  the  construction  of  a  road,  as  on  its  efficiency  the  subsequent  main- 
tenance of  the  surface  will  greatly  depend.  The  slopes  in  cuttings  on 
sidelong  ground  are  generally  the  most  troublesome,  and  great  pains  should 
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be  taken  in  order  to  thoroughly  intercept,  from  the  rising  ground,  any  flow 
or  filtering  of  water  towards  the  road  bed.  This  is  readily  accomplished 
by  forming  catch- water  dilches  or  drains  on  the  uphill  side  of  the  cutting  a 
few  feet  back  from  the  crest  of  the  slope  or  point  where  the  excavation 
joins  the  natural  surface  of  the  ground,  as  at  e,  figs.  15  and  16.  These,  if 
possible,  should  be  carried  to  the  most  convenient  water-courses ;  but  where 
the  surface  of  the  ground  is  such  that  a  sufficient  fall  cannot  be  obtained 
unless  at  great  expense  in  cutting  and  laying  drain  pipes,  the  water  may  be 
conveyed  down  the  slope  to  the  side  channel  or  covered  drain  near  the  for- 
mation level  as  at  c,  fig.  15.  When  open  conduits  are  formed  for  this  pur- 
poee,  the  slope  should  be  protected  by  forming  a  rough  pavement,  as  the 
soil  cannot  wilhstand  the  action  of  the  water  on  the  steep  slope  generally 
given  to  cuttings.  This  object,  however,  is  better  attained  by  laying  stone- 
ware drain  pipes  in  the  slope  18  inches  below  the  surface.  The  slopes  of 
cuttings  may,  when  necessary,  be  further  protected  by  laying  drains  in  a 
treuch  18  inches  deep,  cut  in  an  oblique  direction  up  the  slope,  filling  the 
space  up  to  the  surface  with  stones,  and  connecting  them  to  the  drains  at  the 
bottom  of  the  cutting.  Where  springs  occur,  the  water  should  be  carried 
away  by  laying  the  pipes  to  the  side  drains,  or  by  some  other  effective  mean& 
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Fig.  17. — Cross-section  sbowing  side  drains  at  formation  level  of  road. 

Drains  should  also  be  constructed  at  the  foot  of  a  slope  in  cuttings,  varying 
in  depth  from  18  inches  to  3  feet,  according  to  circumstances.  These  may  be 
built  with  either  brick  or  stone;  a  less  expensive  method,  however,  and 
much  more  effective  and  durable,  is  made  by  laying  salt-glazed  plain  pipes 
in  the  trench  and  filling  the  space  up  to  the  surface  with  broken  stones, 
which  must  be  free  from  dirt,  to  a  height  of  6  inches  above  the  formation 
level  of  the  road.  Fig.  17  shows  the  two  methods  of  construction,  ihat  at 
A  being  built  of  stone,  while  the  drain  at  B  is  formed  of  salt-glazed  pipes, 
the  space  above,  in  either  case,  being  filled  in  with  small  stones. 

68.  The  lower  half  of  drain  pipes  may  be  surrounded  with  clay  to  pre- 
vent any  water  lying  around  them.  This  precaution  should  be  adopted 
when  the  drain  has  but  a  small  inclination,  as  the  water  in  the  pipe  will  be 
discharged  more  quickly  and  prevent  the  lower  portion  of  the  ground 
becoming  waterlogged. 

64.  In  sidelong  ground,  and  on  level  tracts  of  country,  the  side  ditches 
should  be  formed  before  the  cuttings  are  excavated  and  the  embankments 
formed,  as  greater  stability  will  be  ensured  by  the  groimd  being  in  a  dry  state. 
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60.  The  drainage  of  embankments  does  not  require  such  extensive 
operations  as  those  necessary  in  cuttings.  The  water  from  the  surface  of 
the  road  should  be  carried  by  the  water  tables  or  side  channels  to  suitable 
points  where  it  can  be  conveyed  down  the  slopes  in  open  troughs.  It  is  usual 
to  form  an  open  ditch  on  either  side,  nearly  parallel  to  the  axis  of  the  road 
and  at  the  tail  of  the  embankment,  to  collect  and  convey  the  surface  water 
from  the  road  and  slopes  of  the  embankment  to  the  nearest  water-course  or 
point  of  discharge.  Where  a  falling  gradient  in  a  cutting  adjoins  an 
embankment,  a  similar  course  is  pursued  when  such  cannot  be  diverted, 
great  care  being  exercised  to  have  the  conduit  of  sufficient  capacity  to 
convey  all  the  water  which  will  collect  in  the  cutting  under  the  most 
unfavourable  circumetancea  On  sidelong  ground  it  is  seldom  necessary  to 
make  an  opening  at  the  toe  of  an  embankment,  the  natural  slope  of  the 
ground  being  in  most  cases  sufficient  to  carry  away  the  limited  amount  of 
water  likely  to  collect  there.  All  drains  and  open  ditches  should  have 
sufficient  capacity  and  acclivity  to  receive  and  convey  away  quickly  all  the 
water  that  may  find  its  way  into  them ;  this  will  also  be  influenced  by  the 
nature  of  the  soil  in  which  they  are  placed.  When  a  footpath  exists  at 
one  or  both  sides  of  a  road,  the  surface  drainage  collecting  in  the  side 
channels  is  conveyed  by  pipes  laid  under  them  to  the  ditches,  or  drains,  or 
on  to  the  surface  of  the  ground  on  the  field  side  of  the  footpath. 

66.  SubBoil  Drainage. — ^The  drainage  of  the  subsoil  provides  for  the 
removal  of  any  water  found  in  the  soil  immediately  under  the  road  covering 
in  cuttings  and  on  level  tracts  of  country.  This  is  an  essential  and  im- 
portant requirement  in  road  construction,  and  on  the  efficient  state  of  repair 
in  which  the  subsoil  drainage  is  maintained,  will  the  cost  of  keeping  the 
surface  of  a  road  in  good  repair  depend. 

The  materials  composing  a  road  covering  placed  on  a  naturally  wet, 
retentive,  or  undrained  soil,  such  as  clay  and  kindred  earths,  will  go  quickly 
to  pieces  by  the  traffic  passing  over  it  or  by  the  action  of  thaw  succeeding 
frost.  The  combined  effect  of  these  influences,  converting  the  whole 
coating  material  into  a  disintegrated  mass,  is  simply  ruinous. 

On  soils  of  a  siliceous  and  calcareous  nature,  and  rocks  generally,  there 
is  no  great  difficulty,  as  their  porous  nature  assists  in  securing  a  dry  and 
solid  foundation. 

67.  The  side  drains  in  cuttings,  and  the  open  ditches  on  the  level  portions 
of  a  road,  will,  as  a  rule,  be  sufficient  for  this  purpose,  even  where  the  road- 
way is  of  a  great  width. 

It  is  the  argillaceous  and  allied  soils  which  require  careful  treatment,  as, 
being  of  a  retentive  nature,  they  become  very  unstable  when  in  contact  with 
water  and  the  action  of  frost.  The  drainage  of  such  poils  may  be  effected 
by  forming  transverse  or  cross  drains  in  the  form  of  the  letter  V,  as  shown 
at  6,  a,  by  fig.  18. 
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These  drains  should  consist  of  salt-glazed  plain  pipes  2  to  3  inches  in 
diameter,  laid  about  15  to  18  inches  below  the  formation  level  at  centre, 
and  properly  connected  to  the  side  drains.  The  junction  is  preferably 
made  at  the  highest  point  of  the  pipe  in  the  side  drain,  and  an  opening 
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Fio.  18. — Diagram  showing  arrangeiuent  of  subsoil  drains  in  retentive  soils. 

formed  of  dry  stone  built^  over  where  they  join,  up  to  formation  level  foi 
inspection  from  time  to  time.  Ordinary  field  or  agricultural  drain  pipes  are 
sometimes  used,  but  being  porous  are  liable  to  injury  by  frost,  and  cause 
great  inconvenience  and  damage  by  breaking,  as  well  as  a  temporary 
derangement  of  the  drainage  of  the  subsoil,  which  is  sometiriaes  difficult  to 
locate.  The  trenches  should  be  filled  up  with  clean  gravel  or  small  stones, 
free  from  all  clay  or  other  soft  matter,  care  being  taken  to  hand-pack  the 
material  round  the  joints  of  the  pipes. 

The  diagram  at  fig.  19  shows  a  cross-section  of  a  road  with  the  mitre 


Fio.  19. — Cross-seotion  of  road  showing  mitre  drains. 

drains  at  a,  and  joining  the  side  drains  at  h,  and  a  cross-section  of  the  mitre 

or  transverse  drain  is  shown  at  fig.  20.     It  is  not  essential  that  these  cross 

drains  should  have  a  great  fall ;  the  purpose  may  be  properly  served  by 

ffivinff  them  an  inclination  of  1  in  50.     The  nature       «         .  ._  - 

of  the  soil  will  afford  the  means  of  determining  at      ^^ 

what  distance  apart   these   cross  or   mitre  drains 

should  be  placed ;   this  may  vary  from   15  feet 

in  very  wet  situations,  increasing  in  distance  to  30 

.      -^  -     .      ,         .,         i_     M  .       *       J  .  FiO'  20.— Ci  OSS-section  of 

or  even  to  50  feet  where  the  subsoil  is  of  a  dner  ^j^j^  ^^^^ 

and  less  retentive  nature.    The  surface  water  from 

the  roadway  is  collected  in  the  side  channels  and  conveyed,  where  the 
level  of  the  roadway  is  at  or  near  the  natural  surface  of  the  ground,  to 
the  ditches,  by  outlets  cut  at  certain  intervals  on  either  side  of  the  road- 
way. Where  footpaths  exist  alongside  of  a  road,  drain  pipes  are  laid  across 
and  underneath  the  footpath   at  convenient  points,    the  outer   edge   of 
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these  pipes  at  the  roadside  being  protected  from  dam&ge  by  passiiig  vehicles, 
by  fixing  a  Btone  at  each  aide  of  the  drain  pipe  well  into  the  ground,  and 
covering  them  with  a  fiat  atone  projecting  2  inches  beyond  the  conduit,  but 
in  line  with  the  edge  of  the  footpath. 

68.  On  embankments,  especially  in  sidelong  ground,  the  sniface  water, 
BS  already  mentioned,  is  conveyed  to  the  open  ditches  in  wooden  troughs, 
creosoted,  oi  tarred  and  sanded,  and  fixed  in  the  slopes.  This  method, 
although  satisfactory  in  many  cases,  is  not  to  be  recommended  as  a  per- 
manent arrangement;  a  drain  conetracted  of  salt-glazed  faucet  and  spigot 
pipes  laid  in  clay  puddle,  or  covered  with  concrete  and  finished  at  the  toe 
of  the  slope  with  masonry,  is  required  to  keep  it  in  position. 

It  is  necessary  to  exercise  great  care  in  carrying  out  the  work  by  placing 
puddle  around  or  otherwise  protecting  the  joints,  so  as  to  ensure  that  no 
water  will  be  permitted  to  percolate  through  the  earthwork,  which,  if 
allowed  would  in  all  prohahdity  result  in  considerable  damage  being  done 
to  the  embankments. 


Fio.  21. — Diagram  ehuviiig  sand  trap.  Fio.  22. — Diogi'UEi  showing  utnd  tmp. 

69.  DnitiB  in  CuttingB  and  Different  Arrangements  of  Band  Traps 
or  GaUies. — In  cuttings,  the  system  followed  is  eomewbat  different,  being 
generally  effected  in  the  following  manner.  The  side  drains  are  utilized  ss 
a  means  for  the  disposal  of  the  surface  water  which,  in  the  first  instance, 
enters  a  gully  or  sand  trap,  the  overfiow  from  the  latter  being  connected 
to  the  side  drain.  The  use  of  a  sand  trap,  especially  on  a  road  having  a 
considerable  fall  longitudinally,  is  to  intercept  any  heavy  matter  or  detritus 
which  would  otherwise  gain  entrance  to  the  drain,  and  in  course  of  time,  by 
repeated  accumulations,  cause  the  drain  to  become  choked.  The  simplest 
and  cheapest  form  of  sand  trap  is  represented  at  fig.  21,  built  of  brickwork 
with  suitable  covers,  and  at  fig.  22,  which  is  made  either  of  earthenware  or 
cast  iron.  Stoneware  gullies  are,  as  a  rule,  hable  to  damage  by  the  passing 
traffic,  and  should  be  placed  in  the  least  exposed  situations,  or  clear  of  the 
water  channels.  This  form  of  trap  is  also  made  in  detached  portions,  the 
barin  or  stoneware  part  forming  the  trap,  with  a  cast  iron  cover  and  grating 
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fixed  on  the  (op.  It  U  claimed  that  tbiB  form  of  gully  tiap  is  unbreakable 
nnder  the  heaviest  class  of  traffic  Sand  or  gully  traps  are  also  made  (rf 
cart  iron  in  one  piece  and  in  different  sizes  to  suit  different  localities.  The 
gi&tings  are  detachable,  and,  on  the  whole,  this  class  of  trap  is  the  best 
poBsible  to  adopts  and  serves  most  eSectirely  the  purpose  intended.  This 
elaes  of  gull;  or  sand  trap  ia  shovn  in  fig.  33. 

When  one  road  crosses  another,  it  often  happens  that  two  01  more  drains 
have  to  be  connected  to  one  gully  or  sand  trap.  This  is  most  conveniently 
accomplished  by  building  it  of  stone  or  brick- 
work, with  a  pavement  or  concrete  floor  of 
a  safficient  area  to  embrace  the  side  walla 
and  form  a  foundation.  The  floor  should 
be  at  least  18  inehes  below  the  level  of  the 
outlet  inpe,  to  collect  the  detritus  oi  heavy 
matter.  If  the  trap  be  built  of  brick  the 
walla  need  not  exceed  9  inohes  in  thick- 
ness^ nnleaa  the  drain  is  exceptionally  deep, 
when  it  will  be  advisable  to  increase  the 
tfiifViiMii  of  the  walls.  A  convenient  size 
of  trap  f<«  snch  a  dtnation,  with  three  inlet  pipes,  is  shown  in  fig.  24, 

The  brickwork  is  brought  np  to  within  a  few  inches  of  the  level  of  the 
water  table,  the  covering  and  grating  being  either  of  cast  iron  fitted  properly 
into  the  Inickwork,  or  it  may  be  finished  with  a  stone  cover,  and  a  wrought 
iron  hinged  grating  dished  out  to 
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FlO.  34.— Sftnd  trap  nith  three  inlets. 


admit  of  the  water  from 
channels  passing  freely  into  the 
sand  trap.  A  space  nearly  equal 
in  size  to  the  iron  grating  requires 
to  be  cut  out  in  the  centre  of  the 
stone  cover,  provision  being  made 
for  properly  fixing  the  grating  to 
it  by  means  of  batts. 

These  sand  traps  should  be 
cleaned  out  periodically,  and  also 
immediately  after  a  heavy  fall  of 
rain,  so  that  the  road  detritus  and 
sand  may  be  prevented  from  enter- 
ing the  outlet  pipe.     The  inlet 


pipe  or  pipes  shoold  be  placed  at  a  higher  level  than  the  outlet  pipe,  to  ensure 
a  rapid  discharge ;  2  to  3  inches  being  quite  sufficient  for  this  purpose. 

70.  When  it  is  necessary  to  lay  a  drain  under  a  road,  the  work  should 
be  of  a  substantial  nature,  so  as  to  avoid  any  possible  derangement  of 
the  drainage,  sod  probable  damage  to  those  using  the  rood,  by  its  failure. 


68  ROAD   MAKING   AND   MAINTENANCK 

Drains  for  conveying  water  under  a  road  should  be  built  of  good  stone  and 
bedded  in  cement,  with  paved  floor  and  substantial  covers.  Salt-glazed  or 
earthenware  spigot  and  faucet  pipes  are  also  employed ;  these  should  be 
cement-jointed,  and  if  necessary  protected  with  a  layer  of  concrete  under 
and  round  the  outside  of  pipe. 

71.  Eetaining  Walls. — Ketaining  walls  are  structures  in  masonry,  laid 
dry  or  in  mortar,  designed  in  various  forms  to  support  the  sides  of  roads  on 
hillsides,  or  when  land  is  not  available  for  forming  side  slopes  beyond  the 
formation  level  of  the  road.  Where  building  materials  of  sufficient  size  can 
be  procured,  the  retaining  walls  may  be  built  of  stones  laid  dry ;  when, 
however,  the  materials  for  this  purpose  are  not  large,  flat-bedded  stones, 
it  is  advisable  to  use  mortar  in  building  the  walls. 

With  suitable  material,  drystone  retaining  walls  are  well  adapted  for 
road  work,  on  account  of  their  self-draining  properties  and  their  cheapness. 
The  outside  face  is  generally  built  with  a  batter,  either  straight  or  curved, 
varying  from  1  in  8  inches  to  1  in  12  inches;  any  excess  of  batter  greater 
than  1  in  6  should  be  avoided  where  mortar  is  used,  as  the  action  of  the  rain 
tends  to  destroy  the  joints  by  washing  it  out,  and  affords  lodgment  for  seeds 
of  vegetation,  the  roots  of  which  penetrate  the  wall  and  injuriously  affect 
the  adhesion  between  the  mortar  and  stone.  Ketaining  walls  built  with 
stones  and  mortar  are  rendered  more  secure  from  the  effects  of  water  by 
having  drystone  packing,  usually  12  inches  thick,  set  by  hand  at  the  back 
of  and  between  the  wall  and  earthwork.  Weeping  holes,  formed  of  2-  or  3- 
inch  pipes,  should  be  built  into  the  wall  at  different  levels ;  but  especially 
at  the  base  of  the  wall,  and  at  a  distance  of  from  two  to  four  yards  apart, 
according  to  the  nature  of  the  soil  and  the  dip  of  the  strata. 

The  top  of  the  retaining  walls  should  be  properly  finished  and  protected 
by  a  coping  of  stone,  close  jointed,  to  prevent  rain  finding  its  way  into  the 
body  of  the  walL 

Drystone  retaining  walls  are  generally  finished  on  the  top  with  a  sod 
coping  laid  in  two  rows;  when  properly  carried  out,  this  method  of  pro- 
tecting the  walls  suits  the  purpose  exceedingly  well  The  profile  or  cross- 
section,  and  the  thickness  to  which  retaining  walls  are  built,  vary  according 
to  their  position  relative  to  the  adjoining  work  and  the  nature  of  the 
material  to  be  retained. 

The  foundations  of  retaining  walls  are  subject  to  considerable  and 
unequally-distributed  pressures.  They  should  be  of  a  width  or  area  suffi- 
cient to  bear  safely  the  pressure  which  they  have  to  sustain  according  to  the 
nature  of  the  ground  on  which  they  are  placed.  A  suitable  drain  should  be 
laid  at  the  base  in  front  of  a  retaining  wall  to  collect  and  convey  any  water 
escaping  from  behind  the  wall.  Ordinary  foundations  may  be  classed  under 
the  following  heads :  (1)  On  material,  the  stability  of  which  is  not  impaired 
by  saturation  with  water,  such  as  rock ;  (2)  on  firm  earth,  sand,  gravel,  and 
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hud  clft7 ;  and  (3)  on  soft  earth.  The  area  of  the  foundatiouB  may  Im 
increased  to  any  desired  extent  b;  forming  stops  beyond  the  thickness  of  the 
mil  proper,  so  that  the  weight  of  the  structure  may 
be  distributed  over  a  large  surface.  Bock  of  a  mode- 
rately hard  description  will  bear  safely  9  tons  per 
square  foot ;  firm  earth  1  ton  to  1 J  tons ;  soft  earth, 
on  the  other  hand,  is  only  capable  of  bearing  a  very 
limited  load;  and  to  ensure  safety  the  ground 
should  be  wall  drained,  the  soft  earth  removed  by 
cntfang  a  trench  and  substituting  stable  material, 
ntch  as  sand  or  concrete  In  extreme  coses  it  is 
necessary  to  drive  short  piles  into  the  ground  to 
compress  and  consobdate  the  soil,  on  which  a  plat- 
form IB  fixed,  the  heads  of  the  piles  being  surrounded 
with  concrete.  The  depth  to  which  a  foundation 
should  be  excavated  must  be  such  that  it  will  be 
below  the  disintegrating  influence  of  frost :  2 
4  feet  is  considered  a  safe 
in  coontries  subject  to 


taming  vail. 


4  to  6  feet  is  necessary. 


The  following   dimensions  i 


Britain,  while 
and  long-continued  frost  a  depth  of  from 

72.  Dimensioiu  of  Betafniiig  Walls. 
— In  determining  the  proportions  to  be 
given  to  retaioing  walls,  the  engineer  is 
guided  by  the  experiments,  and  from  the 
successful  results  attained  in  existing 
structures  which  have  withstood  for  a 
considerable  period  of  time  all  the  usual 
causes  of  deatructibility.  From  these 
examples  many  practical  rules  have  been 
deduced  for  the  design  of  stable  and 
economical  retaining  walls,  as  well  as  for 
the  thickness  of  abutmente  and  arches  of 
bridges  and  culverts. 

For  retaining  walls  6  to  10  feet  high 
a  thickness  of  one-fourth  of  the  height 
—J  of  the  wall  above  the  natural  ground  is 
^'enerall;  allowed.  In  large  structures 
built  of  maaonry,  the  height  of  the  wall 
above  the  ground  level  is  divided  into 
offsets,  and  the  thickness  is  varied  from 
one-third  to  one-eighth  of  the  total 
height,  as  shown  in  fig.  25. 
e    extensively  used    in  building   retaining 
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walls  with  brick,  viz.,  the  thickness  at  the  top  of  the  wall  is  made  1  foot 
10^  inches,  and  at  every  fifth  course  downwards  the  thickness  is  increased 
by  half  a  brick,  the  face  of  the  wall  being  built  with  a  batter  of  1  in  6  to 
1  in  8,  which  is  generally  curved  as  shown  at  fig.  26.  In  retaining  walls 
constructed  of  stone  without  mortar,  the  thickness  may  vary  from  one-third 
to  one-half  the  height,  the  face  being  built  perpendicular  or  with  but  a  slight 
batter,  to  avoid  as  much  as  possible  rain-water  being  carried  inwards  to  the 
earth  backing,  which  would  occur  if  the  joints  were  inclined  by  giving  the 
face  an  excessive  batter.  Should  it  be  found  necessary  to  batter  the  face  of 
a  wall  built  dry,  the  difficulty  alluded  to  may  be  obviated  by  pointing  the 
outside  joints  of  the  wall.  Trautwine's  rule  for  a  retaining  wall,  which 
sustains  a  backing  of  sand,  gravel,  or  earth,  level  with  its  top,  is,  that  the 
thickness  of  the  wall  should  be  not  less  than  that  stated  in  the  following 
table,  when  the  foundations  are  about  3  feet  deep,  the  backing  being 
deposited  loosely,  as  when  tipped  from  carts,  wagons,  etc.,  and  the  batter 
not  exceeding  1|  inches  to  a  foot. 

Table  IX. 

Wall  of  cut  stone  or  first  class  laree-ranged  rabble  inl^,.^       ^.  ^.    ,,.w 

^  ci        o  1  .gg  Qj.  j^  entire  vertical  height. 

Wall  of  good  common  scabbled  mortar  rubble  or  brick,       '4        do.  do. 

Wall  of  well-scabbled  dry  rubble,        .  •  .       '5        do.  do. 

The  effect  of  stepping  the  back  of  a  wall  increases  the  friction  of  the 
earth  against  it,  giving  increased  stability,  so  that  when  the  thickness  has 
been  proportioned  with  a  vertical  back  by  Traut wine's  rule,  it  may  be  con- 
verted into  one  having  onsets,  which  has  the  advantage  of  greater  resist- 
ance to  overturning,  and  yet  contains  no  more  material.  The  method  of 
arriving  at  this  is  as  follows  : — From  the  point  c,  fig.  27,  half  the  height  of 
a  5,  draw  a  line  from  d  one-half  of  the  thickness  of  the  wall  at  the  top  a  a, 
through  c  to  e,  and  from  the  latter  draw  the  vertical  line  ef;  divide  d  f 
into  any  number  of  equal  parts,  for  instance  three,  and  produce  vertical 
lines  to  the  base  b  e;  then  divide/  e  into  one  more  equal  part  than  fd 
contains,  and  draw  horizontal  lines  crossing  the  vertical  ones.  From  the 
points  of  division  draw  the  line  forming  the  offsets  as  shown  in  the  figure. 

73.  Surcharged  Betaming  Walls. — When  a  retaining  wall  is  sur- 
charged, that  is,  retains  a  bank  which  slopes  backward  to  a  higher  level 
than  the  top  of  the  wall,  the  thickness,  according  to  the  foregoing  rules, 
must  be  increased. 

This  class  of  wall,  fig.  28,  is  principally  made  use  of  in  cuttings,  but  in 
some  cases  walls  of  this  description  are  built  to  retain  the  toe  of  an  embank- 
ment. The  following  table,  given  by  Molesworth,  shows  how  the  thickness 
of  a  surcharged  wall  of  rectangular  shape  may  be  arrived  at. 
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The  he^ht  T  u  aubeldtated  for  H,  in  fig.  25,  or  height  of  the  wall  from 
ground  level,  and  is  the  perpendicular  at  the  end  of  a  line  L  equal  to  H, 
meBaarad  along  the  elope  to  be  retained.  The  value  of  Y  for  various  elopea 
is  a>  f olbws  :— 

Tablr 

r  =  1-71H.  insIopMl    t 
„  =  1-5BH.  „      lit 


74.  ConnterfortB. — CounterfoitB  are  projections  of  maeonry  at  the  hack 
a  wall,  built  at  intervals,  and  of  a  rectangular  shape  j  they  are  intro- 


Flo.  27. — Section  of  rataining  wall,  pro- 
portioDad  bj  Tnotwine's  rule. 


— Seotion  of  larcliarged  wall. 


duced  to  increase  by  their  weight  the  etabiUty  of  retaining  wallti,  but  this 
depends  on  the  efficient  manner  in  which  these  are  bonded  to  the  retaining 
wail  at  their  junction. 

75.  The  result  of  the  experience  of  Sir  B.  Baker  in  connection  with  the 
building  of  retaining  walls  may  be  given.  "  In  ground  of  an  average 
character  the  thickness  of  retaining  walls  should  be  one-third  of  the  height 
from  the  top  of  (he  footings.  A  wall  quarter  of  the  height  in  thickness 
and  battering  I  to  2  inches  per  foot  on  the  face  possesses  sufficient  stability 
when  the  backing  and  foundations  are  both  favourable."  He  also  states  that 
"nnder  no  ordinary  conditions  of  surcharge  or  heavy  backing  is  it  necessary 
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to  make  a  retaining  wall  on  a  solid  foundation  more  than  double  the  above 
or  half  of  the  height  in  thickness." 

76.  Breast  Walls. — Breast  or  revetment  walls  are  veiy  useful  in 
cuttings.  They  are  generally  employed  to  act  as  a  covering  for  earth 
which  has  sufficient  stability  to  stand  vertically  alone.  They  need  not  be 
of  great  thickness,  provided  they  are  of  sufficient  strength  to  resist  their  own 
weight ;  it  is  advisable  to  raise  them  above  the  level  of  the  ground  where 
the  slope  joins  the  wall,  in  order  to  prevent  stones  and  earth,  which  may 
become  detached  by  the  action  of  the  weather,  from  falling  on  the  roadway. 

77.  Oulverts. — Culverts  are  necessary  to  carry  a  roadway  over  a  water- 
course, and  for  conveying  the  surface  water  from  the  road,  as  also  that 
from  the  drains  in  cuttings  and  open  ditches  running  parallel  to  the  axis 
of  the  road,  which  are  conveyed  and  discharged  into  the  stream. 

Care  should  be  exercised  in  determining  the  waterway  necessary  for 
culverts  under  varying  conditions,  so  that  the  opening  may  be  built  slightly 
in  excess  of  the  actual  requirements.  If  a  culvert  is  built  too  small,  it  is 
liable,  during  floods,  to  be  washed  away,  along  with  possibly  a  considerable 
portion  of  the  embankment,  causing  interruption  of  traffic  and  heavy  cost 
for  repairs. 

Culverts  of  unnecessarily  large  dimensions  involve  a  needless  increase  in 
the  cost  of  construction.  The  area  of  waterway  required  depends  princi- 
pally on  the  following  considerations : — 

The  maximum  rainfall  during  a  severe  storm. 

The  nature  and  condition  of  the  soil,  and  the  character  and  inclination 

of  the  surface. 
The  area  to  be  drained,  with  special  regard  to  the  number  and  position 
of  the  branch  streams  which  join  that  under  consideration. 

The  annual  recorded  rainfall  for  any  particular  district  does  not 
aid  the  engineer  to  any  extent.  An  average  fall  for  a  given  period  does 
not  necessarily  mean  that  a  fixed  quantity  has  fallen  each  day;  it  is 
possible  that  the  total  recorded  amount  in  a  certain  time  may  have  fallen 
on  one  particular  day,  and  probably  only  during  a  few  hours  of  that  day. 
A  thaw  and  heavy  rain  succeeding  a  fall  of  snow  when  the  ground  is 
frozen,  and  a  heavy  rainfall  during  a  thunderstorm,  are  certainly  the  worst 
possible  conditions  to  be  provided  for  in  practice. 

The  hard  nature  of  the  surface  of  the  ground  under  the  former  conditions 
precludes  any  moisture  being  absorbed  by  the  soil,  and  this  circumstance, 
combined  with  the  falling  rain  and  melting  snow,  increase  the  difficulty  of 
calculating  the  area  of  waterway  necessary  in  any  particular  case.  Data  of 
a  more  or  less  valuable  nature  may  be  obtained  by  observing  the  flood-mark 
of  a  stream  where  it  is  confined  within  its  banks ;  and  by  taking  a  cross- 
section  of  the  stream  the  actual  area  may  be  computed,  from  which  it  is 
possible  to  determine  with  a  reasonable  degree  of  accuracy  the  necessary  area 


Fio.  20.— SactioD  or  oonduit  built  with 
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of  mtetway.  Should  any  other  colTert  be  built  over  the  same  etream  within 
ft  reasonftbte  distance  of  the  proposed  crossing,  the  area  of  the  exislang 
opening  should  be  measured,  which  will  guide  the  engineer,  to  a  certain 
extent,  in  determining  what  waterway  will  be  necessary.  The  evidence  also  of 
locftl  pftrties  when  available  may  likewise  be  of  great  assistance. 

78,  IbteriftlB  lued  in  Building  Oalrerts. — Culverts  may  be  con- 
■tmcted  of  stone,  brick,  concrete,  iron  pipes,  trough  decking  on  stone  or 
brick  abutments,  or  of  salt-glaied  or  earthenware  pipes.  The  simplest 
(oim  in  which  a  conduit  built  of  stone  can  be  made  is  shown  in  fig.  39. 
When  suitable  material  is  plentiful,  this  form  of  conduit  is  extensively 
employed.  This  is,  however,  an  expensive  method  of  construction,  when  high 
embankments  are  formed  ovi 
conduit,  as,  owing  to  the  great  ^^1 
weight,  Urge  covers  of  consider  '-^^B 
able  strength  are  necessary,  vary- 
ing in  thickness  up  to  12  inches.  ~^)B 
The  side  walls  also  require  to  be 
built  of  dressed  stone,  as  the 
watar  flowing    in    the    conduit 

would  eventually  find  its  way  through  the  joints,  if  inferior  masonry  was  used, 
and  poenbly  wash  away  the  earth  backing  by  being  thus  softened.  This  may 
resolt  in  the  failure  of  the  structure  and  consequent  stoppage  of  the  traffic,  as 
well  OS  cause  accidents,  involving  the  authorities  in  considerable  expense. 
When  of  a  small  die,  and  therefore  difficult  to  get  at,  repairs  cannot 
be  carried  out  without  stripping  the  material  off  the  road.  Experience 
of  the  maintenance  of  roads  clearly  indicates  that  conduits  built  of 
ordinary  rubble,  and  with  covers  of  insufficient  strength,  combined  with  the 
inferior  quality  of  the  stones  often  employed,  cause  great  trouble  and  expense 
for  repairs. 

79.  Salt^lazed  or  stoneware  pipes  are  now  generally  made  use  of  for 
conveying  small  streams  under  a  road,  and  ore  a  reliable  substitute  for  the 
class  of  conduit  just  described,  providing  they  are  properly  laid  and  jointed 
and  the  aides  and  top  of  the  trench  are  filled  in  with  suitable  material. 
These  drain  pipes  vary  in  sise  up  to  24  inches  in  diameter.  They  can  bo 
laid  in  position  quickly,  and  ore  comparatively  less  expensive  than  masonry 
conduits  of  a  similar  capacity.  Two  or  more  lines  of  stoneware  pipes  moy 
be  laid  alongside  of  each  other  when  the  capacity  of  one  is  insufiicient.  The 
inlet  and  outlet  ends  of  the  smaller-sized  pipes  should  be  protected  at  the 
toe  of  the  embankment  by  building  round  the  outside  of  pipe  flat-bedded 
stones  finished  with  a  sod  cope  on  top.  The  large-sized  class  of  stoneware 
pipes  are  generally  protected  by  forming  a  pitched  slope  or  wing-wall  to 
retain  the  embankment  in  position,  and  likewise  to  assist  in  directing  the 
current  of  water  into  the  culvert  on  the  up-stream  side  of  the  road. 
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In  laying  these  pipes  care  should  be  taken  to  ensure  a  straight  line 
being  preserved,  and  that  the  outside  joints  are  properly  filled  and  finished 
with  cement ;  the  inside  joints  also  should  be  pointed  when  possible,  and 
thoroughly  wiped  to  remove  any  projecting  particles  of  cement,  and  so 
lessen  the  chance  of  obstructioa  The  trench  should  be  filled  up  under 
and  round  the  body  of  the  pipes  with  material  free  from  stones,  such  as 
sand,  furnace  ashes,  or  similar  material,  the  whole  being  well  punned. 
When  stoneware  pipes  are  situated  under  a  high  embankment,  it  is  neces- 
sary to  strengthen  them  by  placing  concrete  under  and  around  the  outside 


Elevation.  Section. 

Figs.  80,  81. — 16-inob  stoneware  pipe  drain  or  conduit. 

of  the  pipes.  The  upper  portion  of  the  pipes  should,  as  a  rule,  never  be  less 
than  2  feet  below  the  surface  of  the  road.  Instances  occur,  however,  where 
the  conduit  pipe  has  to  be  laid  only  one  foot  below  the  road  surface  in  order 
to  gain  a  sufficient  fall,  and  in  such  cases  the  pipes  must  be  bedded  in  and 
covered  with  fine  concrete.  This  method  should  be  avoided,  if  at  all  possible ; 
but  if  it  cannot  be  so,  the  expedient  of  raising  the  road  level  should  be  adopted, 
which  is  an  expensive  alternative.  The  outlet  or  tail-end  of  conduits  should 
have  a  sufficient  fall,  so  as  to  discharge  the  water  quickly,  and  prevent  back- 


Fio.  32.— End  elevation  of  2  feet 
single  stoneware  condnit. 


6\6 

Fio.  88. — Section  of  double  stoneware 
pipe  condnit. 

water  reaching  the  pipes.  The  freezing  of  water  in  the  pipes,  when  such  a 
condition  exists,  tends  to  destroy  them,  so  that  a  proper  inclination  for  both 
the  pipes  and  the  outlet  of  the  stream  is  imperative. 

80.  The  diagrams,  figs.  30,  31,  32,  and  33,  show  the  methods  of  con- 
struction adopted  with  stoneware  pipes  described  in  the  preceding  paragraphs. 
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81.  Iron  pipes  are,  under  certain  conditions,  a  very  useful  substitute 
for  stoneware  pipes  and  conduits  built  of  stone  or  brick. 

When  the  foundation  is  in  soft  material,  a  bed  of  concrete  is  formed, 
varying  in  thickness  from  9  inches  to  3  feet,  according  to  the  size  of 
pipes  and  the  solidity  necessary  to  ensure  stability.  Tlie  joints  when  of 
spigot  and  faucet  should  be  caulked  ;  those  having  flanges  should  be  bolted 
together,  and  any  open  spaces  filled  in  with  cement.  The  filling  or 
backing  should  be  carefully  rammed  to  prevent  the  water  forming  a  channel 
along  the  outside;  the  ends  should  also  be  protected  by  wing- walls  or 
pitched  slopes  similar  to  the  practice  adopted  in  the  case  of  stoneware 
pipes.  The  space  between  the  wing-walls  at  either  end  should  be  pitched 
where  any  scouring  action  of  the  stream  when  in  flood  is  anticipated,  as  by 
so  doing  the  possibility  of  the  foundations  of  the  wing-walls  being  under- 
mined is  prevented,  especially  at  the  inlet  end. 

82.  Arched  Gulverts. — It  is  more  economical  to  build  stone-  or  brick- 
arched  culverts  when  the  waterway  of  a  stream  necessitates  a  span  of  over 
5  feet.  The  arch  may  take  the  form  of  a  semicircle  segment  of  a  curved 
ellipse,  or  compound  curve  having  different  radii.  The  latter  two  forms  are 
seldom  employed  in  culverts  of  small  span,  that  of  the  segmental  arch  being 
generally  made  use  of.  By  adopting  a  flat  arch,  the  embankment  forming 
the  approach  to  and  over  the  stream  may  be  reduced  in  height  below 
what  would  be  required  if  a  semicircular  arch  were  constructed. 

The  small  convexity  or  rise  of  arch  in  relation  to  the  span  adopted  at 
times  in  practice  presents  a  weakness,  while  the  horizontal  thrust  on  the 
abutments,  inseparable  from  this  form  of  arch,  is  very  great. 

88.  The  semicircle  should  always  be  adopted  in  small  spans,  and^  when- 
ever possible,  in  those  of  moderate  span,  as  this  class  of  arch  offers  advan- 
tages in  simplicity  of  form,  great  strength,  and  small  lateral  thrust. 

84.  The  employment  of  steel  trough  decking  for  culverts  has  of  late 
years  been  greatly  advocated  and  applied  in  practice ;  they  present  a  form 
of  great  strength,  and  can  be  erected  expeditiously.  The  necessity  for 
making  an  embankment  in  the  case  of  arches  is  to  a  great  extent,  if  not 
entirely,  avoided  by  adopting  this  method  of  construction.  Steel  trough 
decking  of  a  light  section  suitable  for  small  spans,  such  as  that  adopted  in 
the  building  of  culverts,  is  manufactured  for  spans  of  from  4  to  10  feet, 
the  weight  of  which  is  from  20  lbs.  per  square  foot  upwards. 

85.  The  depth  or  thickness  of  arch  stones  for  culverts  depends  upon 
the  span,  the  form  of  the  arch,  and  the  class  and  quality  of  material 
employed  in  its  construction.  These  remarks  also  apply  in  a  measure  to 
the  thickness  to  be  given  to  abutments,  which  will  be  treated  under 
Bridges. 

86.  Figs.  34,  35,  and  36  show  the  different  forms  of  construction  usually 
adopted  and  described  in  the  preceding  paragraphs.    Fig.  34  represents  a  cross- 
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section  of  a  6-feet  culveii  built  of  brickwork  or  concrete,  with  Bemiciicular 
arch  and  an  inyert,  the  finisheil  road  level  being  shown  2  feet  above  the 
arch.     When  the  bed  of  the  stream  has  a  conuderable  declivity,  and  there 


FiQ.  Si. — Section  of  S-f««t  eolTert  built  with  tncWork  orooncnte. 


is  consequently  a  risk  of  wearing  away  of  the  bed  during  freshets,  an  invert 
bstween  the  abutments  should  be  provided.  The  space  between  the  wing- 
walls,  and  for  a  distance  along  the  bed  of  the  stream  beyond  the  newels, 
should  also  be  pitched  to  prevent  the  undermining  of  the  structure. 


Fio.  S!> — SectiOD  ot  10- feet  culvert  built  with  brickwork. 

Fig.  35  shows  a  culvert  built  of  brickwork,  the  span  being  10  feet,  and 
having  a  segments!  form  of  arch  with  a  rise  or  versed  sine  of  one-fifth  the  span. 


EABTHWOAKB,   DRAINAGE,    BETAININQ   WALLS. 

This  amngement  admite  of  a  reduc- 
tion in  the  height  of  the  embanlment 
in  forming  k  load  compared  with  a  semi- 
circolaT  aroh.  The  stream  is  asBumed  to 
hATft  a  gentle  current,  and  the  bed  no! 
liable  to  be  sooored  or  worn  by  freshets. 
It  will  also  be  observed  that  a  springer 
oourse  of  stones  is  introduced,  which 
affords  a  more  solid  and  efficient  meana 
of  starting  the  building  of  the  arch  than 
would  be  possible  by  forming  the  skew- 
back  with  bricka  alone. 

Fig.  36  shows  the  principle  of  steel 
troogh  decking  applied  to  culverts,  where 
the  raising  of  an  embankment  would  be 
necessary  if  a  semicircular  arch  were 
adapted.  The  general  arrangement  is 
ahown  in  the  illustration,  the  trough 
decking  occupying  a  depth  of  only  8 
inches,  the  space  between  the  ridges  being 
filled  witii  cont^ete,  and  the  metalling 
applied  to  a  thickness  of  12  inches  or  an 
inclnsiTe  depth  of  20  Inches  from  the 
under  ride  of  beams  to  the  finished  surface 
of  the  road.  With  a  semicircular  arch 
the  finished  surface  of  the  metalling 
would  be  at  least  10  feet  9  inches  above 
the  belt  or  springer  course :  whereas,  using 
the  trough  decking,  there  is  a  saving  of  9 
feet  of  unnecessary  embankment,  at  the 
site  of  the  structure,  and  which,  if  carriad 
out,  might  cost  from  £50  to  £200. 

87.  It  is  advisable  to  construct  catch- 
pits  at  the  entrance  to  all  drains  and 
culverts  in  localities  where,  during  a 
heavy  rainfall,  there  is  any  likeHhood  of 
ddbria  or  boulders  being  washed  down 
the  stream.  They  should  be  about  3 
feet  deep,  and  of  the  full  width  of  the 
watercourse,  and  be  faced  with  stones 
built  dry  or  in  lime  mortar. 

68.  Bridges. — Bridge  designing  and 
building    is    a    very   ezlensiva    subject, 
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and  embraces  the  selection   and  disposition  of  various  materials  under 
different  circumstances. 

In  a  work  on  road  making  the  leading  features  necessary  to  be  observed 
in  the  erection  of  ordinary  structures  can  only  be  touched  upon.  The  author 
refers  his  readers  for  further  information  to  the  many  valuable  works 
published  specially  on  this  subject. 

89.  Materials  used  for  Building  Bridges. — Bridges  may  be  built  of 
stone,  brick,  concrete,  cast  iron,  or  steel ;  or  a  combined  structure  of  masonry 
and  steel  girders  may  be  adopted.  Wooden  bridges  are  sometimes  erected 
in  localities  where  timber  is  available,  but  generally  these  are  of  a  temporary 
nature,  and  do  duty  until  permanent  structures  are  substituted. 

90.  Selectiiig  Sites  for  Bridges.— The  selection  of  a  site  for  a  bridge, 
unless  it  is  predetermined  by  a  line  of  road  which  cannot  be  changed, 
should  be  one  which  affords  the  greatest  security  for  the  foundations,  and 
ia  otherwise  the  fittest  for  economical  construction.  The  centre-line  of  the 
bridge  should  be,  if  possible,  set  out  perpendicularly  to  the  direction  of  the 
flow,  and  on  a  straight  part  of  the  stream  or  river  to  be  crossed.  Where  the 
locality  does  not  admit  of  crossing  at  right  angles,  the  bridge  assumes  an 
oblique  direction,  which,  besides  adding  to  the  difficulties  of  construction, 
greatly  increases  the  cost  of  erection.  When  the  width  of  the  river  to  be 
bridged  is  great,  it  may  be  advantageous  to  divide  the  opening  into  bays  by 
the  erection  of  piers.  The  position  of  these  must  be  parallel  to  the  flow  of 
the  stream,  otherwise  the  faces  of  the  piers  would  be  exposed  to  the  effects 
of  the  water  striking  against  them  obliquely ;  they  should  be  further  pro- 
tected by  cut-waters  or  starlings  in  order  to  ward  off  any  floating  material 
such  as  ice  or  timber. 

91.  Waterway  of  Bivers. — As  the  area  of  the  waterway  will  be  to  a 
certain  extent  reduced  if  piers  are  erected  in  mid-stream,  provision  should 
be  made  for  this  by  increasing  the  total  width  of  opening  between  the  abut- 
ments, the  object  aimed  at  being  to  maintain  the  original  force  and  direction 
of  the  current.  If  the  cross-section  is  diminished  it  will  cause  an  amount 
of  damming  back  of  the  water,  which,  when  it  rises  to  a  certain  height, 
will  increase  the  velocity.  This  may  cause  damage  by  flooding  the  adjoining 
land,  or  the  bed  of  the  stream  may  suffer  by  being  worn  away.  On  the 
other  hand,  a  greatly  enlarged  cross-section  will  have  the  effect  of  decreas- 
ing the  current,  and  causing  the  bed  of  the  stream  to  become  silted  up  with 
deposits  from  the  higher  reaches. 

What  may  naturally  be  expected  under  such  circumstances  is  the  forma- 
tion of  banks,  and  should  these  accumulate  to  any  extent,  a  diminished  area 
or  cross-section  is  the  result. 

With  a  series  of  bays,  however,  it  is  possible  that  only  a  few  of  these 
may  be  passing  the  water  of  the  stream  in  its  normal  condition.  The 
increased  currents  induced  by  the  alteration  of  the  bed  of  the  stream  will 
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have^  during  floods,  a  tendency  to  scour  the  bottom,  and  may  eventually 
prove  destructive  to  the  structure  by  undermining  the  foundations. 

92.  Hatore  of  Material  of  Foundations. — Before  deciding  on  the  design 
of  a  bridge,  it  is  necessary  to  thoroughly  examine  the  nature  of  the  material 
on  which  the  foundation  of  the  structure  will  rest.  The  usual  method  of 
ascertaining  this  is  by  sinking  trial-pits  to  a  suitable  depth,  or  by  boring, 
and  from  the  results  obtained  the  class  of  foundation  necessary  may  be  deter- 
mined. The  nature  of  the  different  soils  in  connection  with  foundations 
are  generally  divided  into  three  classes. 

The  first,  or  incompressible  material  composing  the  strata,  includes  rock 
and  such  other  material  the  stability  of  which  is  not  impaired  when 
saturated  by  water. 

The  second  class  embraces  such  material  as  compact  stony  soils,  dry 
gravel  and  sharp  sand. 

The  third  class  includes  all  materials  which  are  compressible  or  spread 
laterally  under  pressure,  such  as  ordinary  clay,  the  common  earths,  soft 
sand  and  marshy  soils,  which  are  usually  in  a  more  or  less  compact  state, 
and  sometimes  in  a  semi-fluid  condition. 

On  a  foundation  of  rock  the  bed  is  prepared  by  levelling  its  surface, 
and  removing  all  loose  and  decayed  pieces,  reducing  all  projecting  points 
and  filling  up  all  hollows  with  flat  rubble,  masonry,  or  concrete. 

Where  the  stratum  composing  the  rock  dips,  or  inclines  to  the  horizon, 
it  should  be  stepped,  all  inequalities  being  filled  in  with  concrete.  The 
surfaces  thus  prepared  should  be  perpendicular  to  the  direction  of  the 
pressure  which  the  foundation  has  to  sustain,  and  the  courses  composing 
such  foundation  should  have  an  area  sufficient  to  bear  that  pressure  with 
safety. 

93.  Safe  Load  on  Foundations.— The  safe  load  allowed  on  foundations 
of  the  first  class  ought  not  to  exceed  one-eighth  of  the  pressure  which  would 
crush  it.  For  general  purposes  this  may  be  reckoned  at  9  tons  per  square 
foot  on  rock  of  moderate  hardness,  and  2  tons  per  square  foot  on  soft  sand- 
stone ;  while  rock  equal  in  strength  to  good  cement  concrete  can  safely 
sustain  a  load  of  3  tons  on  the  square  foot. 

Foundations  on  the  second  class  of  materials  have  considerable  f  rictional 
stability  when  the  stratum  is  not  affected  by  being  saturated  with  water. 
These  must  be  excavated  to  such  a  depth  that  the  structure  will  rest  on  ground 
not  likely  to  be  impaired  by  the  disintegrating  effects  of  frost  which  has  been 
pointed  out  under  the  article  on  culverts.  The  safe  load  or  greatest  pressure 
permitted  in  practice  on  soils  for  foundations  of  this  class  ib  generally  from 

1  ton  to  1*5  tons  per  square  foot.  The  foundation  courses,  or  footings,  are 
usually  spread  out  to  a  considerable  extent  beyond  the  ordinary  thickness 
of  the  walls  they  sustain,  such   breadth   being  as  a   rule  made  1^  and 

2  times  that  thickness  in  gravel  and  on  hard  clay  and  sand  respectively. 
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Foundations  on  materials  of  the  third  class  present  difficulties  of  a 
varying  nature.  The  precautions  necessary  to  obtain  a  safe  foundation 
require  in  many  instances  special  treatment,  involving  a  correspondingly 
greater  expenditure.  On  the  firmer  soils  of  this  class,  the  usual  practice  is 
to  lay  a  bed  of  concrete  varying  in  depth  from  3  to  6  feet,  making  the 
breadth  of  base  as  wide  as  practicable.  On  material  which  is  not  homo- 
geneous or  is  liable  to  lateral  yielding,  stability  is  promoted  by  enclosing 
the  area  of  the  foundation  by  sheet  piles  from  5  to  10  feet  long.  The 
soft  material  composing  the  soil  is  then  excavated  to  the  required  depth, 
and  sand  or  other  suitable  material  of  a  stable  character  spread  in  layers 
and  punned ;  this  forms  to  a  certain  extent  a  natural  sand  foundation. 

The  filling  material,  so  as  to  ensure  greater  stability,  may  be  composed 
of  concrete,  and  although  in  certain  cases  this  may  appear  an  excess  of 
precaution,  it  is,  nevertheless,  advisable  to  adopt  this  method  of  construc- 
tion when  the  soil  is  not  of  a  uniformly  compressible  nature. 

It  is  necessary,  in  order  to  maintain  the  foundations  in  a  stable  con- 
dition, that  all  water  in  close  proximity  be  got  rid  of  by  draining. 

94.  Timber  Platform  Fomidations.— Timber  platforms  have  been  used 
as  an  expedient,  where  the  soil  forming  the  foundation  was  of  a  wet  and 
soft  description,  with  a  view  to  distribute  the  weight  of  the  structure 
uniformly  on  its  surface.  This  method  of  construction  consists  in  the  laying 
of  heavy  timbers  at  some  distance  apart  longitudinally  and  crosswise,  forming 
a  grating,  the  spaces  between  the  timbers  being  filled  with  material  of  a 
stable  nature,  or  with  concrete;  the  whole  being  surmounted  with  planks 
3  or  4  inches  thick  fixed  to  the  timbers  and  upon  which  the  building  rests. 

Another  method  of  forming  timber  platforms  is  to  lay  several  tiers 
of  planks  well  spiked  together.  The  durability  of  these  foundations  is 
dependent  on  their  being  constantly  in  a  wet  condition. 

95.  Piling  Fomidations. — Where  the  nature  of  the  stratum  is  so  soft 
or  unstable  that  any  of  the  foregoing  methods  cannot  be  applied,  recourse 
must  be  had  to  piling.  Bearing-piles  of  varying  length  and  from  9  to  18 
inches  in  diameter  are  driven  into  the  soil  to  sustain  the  superincumbent 
weight.  These  are  spaced  from  2^  to  4  feet  apart,  and  over  the  entire 
area  which  the  structure  will  occupy.  When  placed  too  close  the  driving 
in  of  one  pile  may  have  the  effect  of  raising  the  others.  They  are  driven, 
in  the  majority  of  cases,  through  the  soft  material  and  should  penetrate  a 
short  distance  into  the  hard  stratum  underneath. 

A  safe  load  on  piles  under  these  conditions  may  be  taken  at  1000  lbs. 
per  square  inch  on  the  area  of  its  head.  In  the  case  of  a  hard  stratum  not 
being  attainable  at  a  reasonable  depth,  the  piles  are  then  wholly  supported 
in  position  by  friction  ;  a  safe  load  of  only  200  lbs.  per  square  inch  of  area 
of  head  is  permissible  under  such  circumstances.  The  driving  points  of  piles 
are  armed  with  a  cast-iron  shoe,  fixed  on  by  wrought-iron  straps,  the  weight 
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of  tbese  varying  accoi*ding  to  the  dimensions  of  the  pile.  The  head  is 
proteeted  by  a  wrought  iron  hoop,  which  prevents  it  being  split  by  the 
blows  from  the  lam  of  the  piling  machine.  In  order  to  ascertain  when  a  pile 
has  been  sufficiently  driven  home,  a  test  should  be  resorted  to ;  that  given 
by  PtofesBor  Rankine  is,  "  No  further  penetration  should  take  place  than 
one-fifth  of  an  inch  by  thirty  blows  of  a  ram  weighing  800  lbs.  falling  5  feet 
at  each  blow." 

The  heads  of  each  set  of  piles  are  sawn  off  level  to  the  desired  height 
to  receive  the  platform,  which  consists  of  string  and  cross  pieces  10  to 
12  inches  square,  and  half-notched  into  each  other,  laid  directly  on  the  pile 
heads  and  fixed  by  spikes.  These  wooden  beams  or  cross  and  string  pieces 
are  surmounted  by  planks  3  to  4  inches  thick,  on  which  rests  the  lower 
foundation-course  of  the  structure.  Previous  to  fixing  the  planking,  the 
soil,  to  a  depth  of  from  3  to  6  feet  below  the  level  of  the  head  of  the  piles, 
is  excavated  or  scooped  out,  and  the  space  up  to  the  under  side  of  planks 
filled  in  with  concrete. 

96.  Iron  and  Screw  Pfles. — Hollow  iron  piles  are  sometimes  used  for 
a  similar  purpose,  the  blow  of  the  ram  being  transmitted  by  using  a  block 
of  wood  or  dolly  on  the  head  of  the  pile. 

Screw  piles  are  likewise  used.  These  are  sometimes  made  of  wood,  but 
are  usually  cast  iron  hollow  cylinders,  with  a  screw  blade  attached  at  the 
foot^  having  a  diameter  of  from  two  to  eight  times  that  of  the  shaft  of  the 
pile,  according  to  the  nature  of  the  soil  to  be  penetrated.  The  method 
adopted  in  fixing  the  piles  in  their  permanent  position  is  that  of  turning 
them  around,  with  the  screw  attached,  by  levers  fastened  to  and  radiating 
from  a  capstan  fitted  on  to  the  shaft  of  the  pile. 

97.  Coffer-dams. — The  foundations  of  abutments  and  piers  of  a  bridge 
crossing  the  river  require  during  their  construction  additional  protective 
works  as  compared  with  similar  erections  on  land.  Coffer-dams  have  been 
employed  as  a  means  of  assisting  in  preparing  the  bed  for  foundations,  and 
securing  them  from  the  action  of  water.  They  are  generally  constructed  of 
guide  piles  12  to  15  inches  square,  spaced  at  intervals  of  from  6  to  10 
feet,  and  driven  to  the  desired  depth.  Two  longitudinal  waling  pieces, 
notched,  are  bolted  to  each  side  of  the  guide  piles,  the  lower  set  being  fixed  as 
far  down  as  the  water  level  of  the  river  will  permit ;  the  other  set  should  be 
attached  near  the  top  of  the  piles.  Between  the  guide  piles  and  in  the  space 
formed  by  the  waling  pieces,  sheet  piles  3  to  6  inches  thick  are  driven  as 
close  together  as  possible  and  to  the  desired  depth.  At  a  proper  distance 
apart,  generally  from  4  to  6  feet,  another  line  of  guide  and  sheet  piles  are 
driven  parallel  to  the  first  row,  forming  a  long  narrow  trough,  enclosing 
the  site  where  the  foundations  are  to  be  laid. 

The  soil  between  these  rows  of  piles  is  removed,  sometimes  by  dredging, 
antU  a  hard  compact  stratum  is  reached.     The  whole  space  up  to,  in  many 
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instancea,  a  few  feet  above  flood  level  is  filled  with  cla;  puddle.  Wben 
the  cofi'eT-dam  b  complete,  the  water  it  containe  ie  pumped  out  and  the 
ground  excavated  to  the  required  depth  when  the  foundation  couisee  are 
commenced,  or  a  thick  bed  of  concrete  is  spread  over  the  apace  between  the 
piling. 

A  dngle  row  of  guide  and  sheet  piles  u  Bometimee  made  use  of  as 
shown  in  fig.  37,  the  scantlings  of  the  timber  being  heavier  than  those  used 
for  forming  a  double  row.  Great  care  must  be  exercised,  in  driving  the 
sheet  piles,  in  order  to  obtain  an  impervious  coffer-dam,  while  it  must  be 
thoroughly  braced  internally  to  resist  the  pressure  of  the  water  surrounding 
it.    These  methods  of  obtaining  a  foundation,  although  much  practised  in 
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Fio.  37. — Section  of  coffer.dam  showing  single  line  of  guide  and  iheet  piles. 


past  years,  and  still  adopted  to  a  limited  extent  on  small    works,  bavo 
been  superseded  by  the  system  of  caisson  foundations. 

The  coffer-dams  just  described  are  costly  to  construct,  and  cause  a 
considerable  obstruction  in  a  river  or  stream,  while  if,  owing  to  the  work 
not  being  carefully  executed  or  to  the  external  pressure  of  the  water  being 
great,  they  are  not  wateT-tight,  constant  pumping  is  necessary  in  order  to  keep 
the  foundatioa-bed  dry  during  the  progress  of  that  portion  of  the  work. 
98.  Cylinders  and  CalssOQ  FonudatioilS. — Cylinders  or  caissons  are  now 
extensively  used,  in  building  bridges  of  any  m^nitude  across  rivers,  as  a 
means  of  securing  a  stable  foundation,  for  which  purpose  they  are  admirably 
adapted,  and  at  the  same  time  they  are  comparatively  inexpensive.  The 
superstructure  of  a  bridge  may  be  supported  by  two  or  more  cylinders 
joined  by  arches  or  ties  at  a  convenient  level,  on  which  the  abutments 
or  piers  are  built. 

A  cylinder,  6  feet  or  more  in  diameter,  made  of  cast  iron,  or  of  steel 


BABTRWORKS,   DRAINAGE,  RBTAINIKG  WA1X8.  83 

luilt  in  segments,  bolted  togethei,  aod  having  the  joints  made  water  ot  ur 
tight,  is  the  fonn  generally  adopted.  The  base,  which  is  sometimee  of  a 
greater  diameter  than  the  cjrhnder,  is  formed  with  a  tapeiing  piece  having  a 
eatting  edge.  The  iDterioi  of  the  cylinder  is  lined  with  one  or  more  tings  of 
brickwork,  which  will  give  it  weight,  and  thereby  add  to  the  efficiency  of 
the  cutting  edge  in  sinking.  The  material  inside  the  caiseons  is  removed  by 
diedging,  or  by  the  nse  of  mecbanical  excavators.  When  they  have  to  be 
sank  to  a  great  depth,  the  use  of  compressed  air  is  invaluable  in  carrying 
on  the  operations.    It  is  necesssry  to  exercise  great  care  in  sinking  cylinders. 


Fio.  38. — Cylinder  foniidatioDS  Tor  piers. 

so  as  to  retain  them  in  a  vertical  position,  while  theii  location  in  relation  to 
the  line  of  the  bridge  demands  attention. 

When  the  excavations  have  been  made  to  the  desired  depth,  the  space 
inside  the  cylinders  is  filled  up  to  a  certain  height,  generally  the  normal 
water  level,  with  concrete. 

This  method  of  forming  foundations  with  cylinders  is  shown  at  fig.  38. 

99.  Abatmenta  and  Fiers. — These  generally  consist  of  masonry,  em- 
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bracing  stone,  brickwork,  concrete,  ironwork,  and  occasionally  timber.  It 
is  advantageous  in  building  abutments  and  piers  to  reduce  the  weight,  if 
possible,  by  forming  hollows  or  narrow  archways  in  them  so  as  to  promote 
economy  and  stability.  These  openings  must  have  inverted  arches  at  the 
bottom  to  distribute  the  load  over  as  great  a  base  as  possible,  and  may 
occupy  one-third  of  the  total  volume  of  the  wall. 

100.  Thickness  of  Abutments. — In  practice,  the  thickness  given  to  the 
abutments  of  bridges  varies  from  one-third  to  one-fifth  of  the  radius  of  the 
arch  at  the  crown.  In  bridges  the  superstructure  of  which  is  formed  with 
girders,  the  dimensions  necessary  for  stability  are  regulated  by  their  suffi- 
ciency to  bear  the  vertical  pressure  transmitted  by  the  superstructure. 

101.  Thickness  of  Piers. — Piers  carrying  arches  of  small  span  should  be 
broad  enough  to  accommodate  the  combined  thickness  of  both  arches  and 
also  allow  of  a  space  of  at  least  6  inches  between  them.  In  practice,  the 
thickness  generally  given  to  the  top  of  a  pier  sustaining  large  arches  aver- 
ages from  one-sixth  to  one-tenth  of  the  span ;  in  viaducts,  '  abutment  piers ' 
are  introduced  at  each  fifth  or  sixth  pier,  and  generally  have  a  thickness  of 
one-fourth  of  the  span.  The  object  of  building  abutment  piers  is  to  limit 
the  destructive  effect  of  an  accident  to  any  of  the  intermediate  sections. 

High  piers,  in  addition  to  the  thickness  allowed  for  according  to  the 
preceding  rules,  are  generally  built  with  a  batter  of  1  in  12. 

102.  Arches. — Arches  may  be  constructed  of  cut  stone,  brickwork,  con- 
crete, iron,  or  timber.  In  form  they  may,  for  bridges  of  large  span,  be 
semicircular,  elliptical,  or  a  flat  circular  arc ;  the  latter,  with  a  rise  of  one- 
fourth  of  the  span,  ib  greatly  made  use  of  in  practice,  and  is  considered  the 
simplest  and  strongest  form  of  arch. 

The  stones  composing  the  arch  of  a  bridge  up  to  80  feet  span  are  gener- 
ally made  of  the  same  depth ;  beyond  this  span  it  is  essential  that  the  depth 
of  the  arch  stones  towards  the  abutments  should  be  increased  from  one- 
fourth  to  one-half  that  of  the  keystone. 

103.  Depth  of  Arch  Stones. — ^The  following  empirical  expression  in 
general  use  for  the  depth  of  the  keystone  is  given  by  Professor  Bankine — 

when  D  equals  the  depth  of  the  keystone,  C  is  a  constant  and  r  the  radius 
of  the  arch  in  feet  at  the  crown.     The  value  of  C  is  as  follows : — 

Table  X. 

For  first-class  stonework,  .  .  .       C  —   '36 

For  second-class  stonework,  .  .  .  .       C  —   *4 

For  brick  and  rubble,  .  .  .  .       C  —   *45 

The  joints  of  cut  stones  or  ashlar  forming  an  arch  should  have  a  moderate 
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degree  of  roughness  to  resist  displacement  by  sliding,  and  also  to  aid  the 
adhesion  of  the  mortar. 

It  is  essential  that  these  joints  should  be  properly  dressed  to  template 
and  fitted  in  position,  to  test  their  accuracy  before  they  are  finally  laid 
in  mortar.  The  arch  stones  should  be  properly  bonded,  that  is,  overlapped 
or  break  jointed;  this  has  the  effect  of  distributing  the  pressure  and  of 
tying  the  building  together. 

104.  Brick  Arches. — Brick  arches  may  be  built  of  gauged  or  of  common 
shaped  bricks.  In  practice  the  latter  are  generally  employed,  the  arch 
being  built  in  concentric  rings  half  a  brick  thick.  They  are  thus  all  laid  as 
stretchers,  a  somewhat  deficient  form  of  construction;  the  upper  joints 
should  therefore,  especially  in  arches  having  a  considerable  rise,  be  pinned 
with  pieces  of  slate,  and  built  with  cement  mortar  as  tenacious  as  the  bricks 
themselves,  to  insure  the  several  rings  of  bricks  being  properly  connected. 

Headers  are  sometimes  introduced  at  intervals,  which  embrace  one  line 
more  of  stretchers  in  the  second  than  in  the  first  course,  so  that  by  this 
means  the  continuity  of  the  concentric  rings  is  broken. 

Brickwork  arches  are  usually  built  of  the  following  dimensions : — 

Table  XI. 

Arches  of  12  feet  span  are  made  14}  inches  thick. 
9>        24        ,,  ,,        18  ,, 

»9        80        „  „        22J  „ 

40        ..  „        27 


>»  ^^  it  >»  •*•  »i 


The  backing  of  an  arch  may  consist  of  coursed  ashlar,  rubble  masonry, 
or  concrete,  built  to  a  proper  level.  Provision  should  be  made,  in  the  event 
of  water  finding  its  way  from  the  road  surface,  to  protect  the  arch  and 
backing  by  covering  the  exposed  surface  with  asphalt,  and  collecting  and 
discharging  the  water  by  suitable  means  through  the  arch  at  the  lowest 
points  to  the  surface  of  the  ground. 

105.  Spandril  Walls. — The  walls  built  on  the  top  of  the  arch  rings  up 
to  the  level  of  the  roadway  are  called  spandrils;  these  should  be  of  sufiicient 
strength  to  withstand  the  lateral  pressure  of  the  filling  material  and  the 
traffic. 

In  many  cases  it  is  advantageous  to  introduce  internal  spandril  walls 
built  parallel  to  the  external  ones  on  the  top  of  the  arch,  and  covered  with 
flat  stones ;  or  small  transverse  arches  may  be  turned  between  the  walls  to 
support  the  material  forming  the  bottoming  of  the  highway,  the  spaces 
underneath  being  left  hollow.  When  these  internal  spandril  walls  are  high, 
they  should  be  strengthened  by  building  cross  walls  at  intervals. 

This  method  of  construction  is  favourable  to  stability  and  lightness,  and 
when  adopted  the  external  spandril  walls  become  abutments  to  the  trans- 
verse arches,  and  therefore  must  have  sufficient  stability  to  withstand  the 


86  ROAD  MAKING  AND   MAINTENANCE. 

thrust  imposed  upon  them.  The  exterior  spandril  walls  immediately  above 
the  keystone  of  the  arch  at  each  side  are  in  most  cases  finished  with  a 
projecting  string  course,  on  which  the  parapets  of  the  bridge  are  erected. 

106.  Forming  Embankments  over  Bridges  and  Culverts. — In  forming 
embanking  over  culverts  and  arches  of  bridges,  near  abutments,  wing-walls, 
and  retaining  walls,  care  must  be  taken  not  to  injure  the  masonry  by  unequally 
distributed  or  sudden  pressures.  As  a  precaution,  dry  earth  should  be 
spread  in  thin  layers  and  rammed  immediately  behind  and  extended  to  a 
distance  of  about  8  feet  from  the  masonry.  It  is  also  essential,  when 
banking  over  large  arched  bridges  and  culverts,  to  carry  it  up  simultane- 
ously on  either  side  to  prevent  unequal  lateral  pressures  against  the 
structure. 

107.  Centering. — Considerable  attention  must  be  given  to  the  construc- 
tion of  the  centres,  an  indispensable  accessory,  on  which  the  arch  stones 
are  supported  during  erection.     They  are  constructed  of  timber,  and  consist 


Fio.  39. — Showing  scantlings  and  arrangement  of  centres  for  a  bridge  of  20  feet  span. 

of  parallel  frames  or  ribs,  which  should  be  made  as  rigid  as  possible.  This 
rigidity  is  best  attained  by  adopting  one  of  the  three  following  plans  stated 
in  Professor  Rankine's  Civil  Engineering : — (1)  Direct  supports,  (2)  inclined 
struts  in  pairs,  and  (3)  trussed  wooden  girders.  For  small  arches  the  centres 
may  consist  of  several  light  frames  or  ribs,  made  up  in  one  or  more  thick- 
nesses and  bolted  together.  The  upper  edge  is  curved  to  suit  the  intrados 
of  the  arch,  and  on  the  top  of  these  ribs  planks  are  laid  called  laggings. 
Uprights  with  soles  and  sills  are  placed  near  the  springing  of  the  arch,  and 
a  similar  arrangement  is  carried  out  at  intermediate  points  between  the 
abutments  or  piers  where  practicable.  For  light  arches  the  ribs  may  be 
erected  according  to  the  size  of  the  timber  used  for  the  framework,  and  the 
distance  apart  at  which  the  ribs  are  placed. 

Fig.  39  shows  what  would  be  suitable  for  an  arch  of  20  feet  span  and 
of  brickwork  18  inches  thick.  The  ribs  may  be  spaced  at  from  3  to  5 
feet  apart,  according  to  the  weight  of  arch,  the  laggings  being  1^  inch 
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thick  in  the  former  case,  and  2  inches  in  the  latter.  The  struts  are  placed 
as  shown  in  the  figure,  or  they  may  he  fixed  at  right  angles  to  the  arch,  as 
shown  hy  the  dotted  lines.  The  centering  shown  in  fig.  39  has  a  support 
midway  between  those  at  the  abutments.  With  a  span  of  15  feet  similar 
scantlings  of  timber  may  be  used,  but  without  the  centre  support.  Centres 
for  large  arches  are  constructed  of  heavy  timber,  and  are  sustained  either 
on  intermediate  supports  across  the  span,  or,  when  this  is  not  practicable, 
on  the  foundations  of  the  abutments  or  piers  at  both  sides.  In  the  former 
case,  with  arches  of  considerable  span,  the  curved  parts  of  the  ribs 
carrying  the  laggings  are  supported  by  struts  sometimes  placed  perpendicu- 
larly to  the  intrados,  resting  upon  horizontal  beams  fixed  on  upright  timbers, 
or  piles  for  river  work,  carried  up  from  the  ground  level.  These  struts  may 
also  be  placed  in  a  vertical  position  and  be  strengthened  by  diagonal 
bracing  to  counteract  any  tendency  to  lateral  flexure.  With  this  form  of 
centre  the  frame  is  not  liable  to  change  shape  should  the  building  of  the 
arch  stones  be  carried  up  to  a  greater  extent  on  one  side  than  on  the 
other  during  construction. 

In  the  other  case  mentioned,  where  an  intermediate  support  for  the 
centres  cannot  be  fixed  sufficiently  near  each  other,  a  system  of  inclined 
stmts  in  pairs  or  trussed  wooden  girders  should  be  employed,  but  this  is  a 
complicated  arrangement.  Stiffness  being  essential,  polygonal  frames  and 
timber  arches  should  be  avoided,  owing  to  their  flexibility. 

108.  Wedges  and  Strikiiig  Blocks  for  Bridge  Centres.— It  is  neces- 
sary, when  erecting  a  centre,  that  provision  be  made  for  its  being  easily 
removed  when  the  arches  are  completed.  The 
simplest  method  of  accomplishing  this,  especially  in 
centres  of  small  bridges,  is  that  of  placing  double 
wedges  having  a  taper  of  1  in  6  or  1  in  8,  on  the  sills 
immediately  under  each  rib  or  centre,  as  shown 
in  fig.  40.  For  large  spans  wedge-shaped  steps  are 
employed  called  striking  plates.  It  is  of  the  utmost 
importance,  especially  in  bridges  of  very  long  spans, 
that  the  centres  should  be  lowered  gradually  in 
order  to  allow  the  arch  to  take  equal  settlement. 

The  wedges  should  have  a  long  taper  of  about 
1  in  10,  and  be  marked  in  a  distinctive  manner  so 
that  each  rib  may  be  lowered  by  an  equal  amount 
at  the  same  time.  The  time  and  extent  of  easing  and  striking  centres 
depend  on  the  size  and  weight  of  the  arch,  temperature,  composition  of  the 
mortar,  and  the  class  of  masonry  of  which  the  arch  is  constructed.  Centres 
may  be  eased  immediately  after  the  arch  (built  with  lime  or  slow-setting 
cement  mortar)  is  loaded  to  stability,  while  the  centres  should  be  struck  in 
from  five  to  eight  days.     The  same  remarks  apply  generally  to  small  arches 
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Fio.  40.  -  Details  of 
lowering  wedge  for 
centres  of  small  span. 
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built  in  cement,  only  the  c«ntree  should  bo  Htruck  sooner ;  in  large  arches, 
however,  built  with  quick-setting  cement  mortar,  it  is  considered  inadvisable 
to  ease  the  centres  at  all.  The  cement  in  the  portion  of  the  work  first 
built  will  have  set  before  the  completion  of  the  arch,  and  any  easing  would 
ii^uTioualy  aSeot  the  setting  of  the  cement  in  the  portion  of  the  arch  which 
was  executed  last.  Disturbance  of  the  work  by  vibration  should  be  guarded 
gainst,  as  it  destroys  the  setting  power  of  all  kinds  of  mortar,  especially  of 
cement.  The  centering  for  concrete  arches  should  not  be  disturbed  for  at 
least  fourteen  days  after  finishing  the  concrete. 

Iron  pipes  1  foot  long  filled  with  dry  sand,  and  provided  with  a 
cylindrical  block  of  wood  fitting  into  the  top,  placed  under  the  ribs  of  the 
centering,  are  sometimes  used  as  a  substitute  for  wooden  wedges  in  easing 
and  striking  centres.  The  process  of  lowering  is  accomplished  by  allowing 
the  sand  to  run  out  of  the  cylindera  as  required. 


Fw.  41.— Centn  for  arch  of*  bridf^  over  the  river  Don. 

100.  Gentres  for  Arches  of  Bridge  over  the  river  Don  and  London 
Bridge. — The  centering  shown  in  fig.  41  is  Telford's  design  for  a  centre 
with  intermediate  supports,  used  for  a  bridge  over  the  river  Don,  of  which 
the  span  is  75  feet,  while  fig.  42  shows  the  pier  centering  of  trussed  girders 
adopted  in  the  building  of  London  Bridge. 

Tlie  latter  illustration  shows  that  one-fourth  of  the  span  at  either  side 
was  directly  supported  by  piles  and  diagonal  bracing.  The  rib  across  the 
middle  half  of  the  span  was  formed  of  a  diagonally  braced  girder  of  great 
BtiSness,  the  depth  being  cine-fourth  of  its  span.  The  striking  plates  and 
wedges  by  which  the  centre  is  lowered  after  the  completion  of  the  arch  are 
shown  in  the  figure,  a  being  the  upper  plate,  b  the  lower  plate,  and  e  the 
compound  wedge,  which  is  kept  in  position  by  the  cross  wedges  d. 

110.  Timber  Bridges. — Bridges  erected  with  timber  supports  and 
superstructure  are  now  an  almost  obsolete  form  of  construction  in  this 
country,  except  for  temporary  purposes.  Timber  beams  resting  on  abut- 
ments or  piers  of  masonry  are  used  to  a  limited  extent  when  the  span  is 
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miMll  mod  the  traffic  unimporUuit.  In  those  countries  where  timber  it 
abundant  man;^  la^e  bridges  have  been  erected  witli  this  class  of  material, 
and  when  properly  protected  and  painted  are  said  to  last  about  twenty 
ysuB.     The  idmplest  manner  in  which  timber  can  be  applied,  when  the 


Fra  42. — Centre  for  Broh,  Lomloii  Bridgs. 

aupporta  are  of  masonry,  ia  in  the  form  of  beams  or  string  pieces  with 
cleading  fixed  on  the  top  to  carry  Che  roadway.    When  the  span  exceeds 


Fid.  13. — TimtHr  bridge  Tor  small  apiD. 

8  or  9  feet,  struts  are  generally  introduced,  as  shown  in  Gg.  43.  Another 
form  of  construction  suitable  for  spans  up  to  30  feet  is  shown  in  Rg.  44, 
and  may  be  used  for  bridges  carrying  light  traffic.  Beyond  these  spans 
different  forms  are  employed,  such  as  trussed  girders  composed  principally 
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of  struts  and  ties,  with  parallel  top  and  bottom  beams,  or  in  the  form  of  an 
arch. 

Timber  bridges,  owing  to  their  perishable  nature  when  subjected  to  the 
influence  of  alternate  wet  and  drought,  should  not  be  made  use  of  except 
when  other  suitable  mateiiala  are  not  available.  The  annual  cost  of  repairs 
upon  timber  bridges  becomes  a  heavy  item,  and  in  the  course  of  a  few  yeare 
will  equal,  if  not  greatly  exceed,  the  expenditure  which  the  buitdiug  of  a 
permanent  structure  of  stone  or  brick  work  would  entail. 

111.  Iron  and  Steel  Snperstmctnres. — The  superstructure  of  bridges 
formed  with  iron  or  steel  has  to  a  great  extent  superseded  the  ordinary 
masonry  arch,  in  bridges  of  long  span,  or  where  the  hne  of  the  bridge  is  at 
a  considerable  angle  to  the  object  crossed.  The  employment  of  cast  iron 
is  limited  to  bridges  having  short  spans,  the  roadway  being  carried  by  jack 
arches  built  between  and  springing  from  the  lower  flanges  of  the  beams; 
the  arching  being  generally  made  9  inches  thick,  and  covered  with  a  J-incb 
layer  of  asphalte  or  other  impervious  mateiial.  The  space  between  the 
beams  and  over  the  arches  is  filled  with  concrete,  broken  bricks,  or  other 
material  of  a  like  nature,  up  to  the  level  oo  which  the  metalling  is  spread. 


Fig.  41. — Timber  bridgt  for  Bpau  up  to  SO  f««t. 

The  thrust  on  the  outside  or  face-girders,  when  jaok-aiches  are  em- 
ployed, is  provided  for  by  means 
of  tie-rods  1^  to  3  inches  in 
diameter,  placed  at  intervals 
across  the  bridge  from  6  to  8 
feet  apart,  which  bind  all  the 
longitudinal  girders  together. 
This  method  of  construction  is 
illustrated  in  fig.  45. 

The  superstructure  of  most 
bridges  is  now  constructed  of 
wrought  iron  or  steel.  The 
plate  girder  of  uniform  depth 
or  hog-backed   shape   has  been 

greatly  used,  and  was  the  form  employed  almost  exclusively  previous  to  the 

lattice  type  being  introduced. 


Flu.  46. — Crou- section  ot  bridge  fannsd  ot  cast 
iron  bum*  and  jack -arching. 
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The  plate  girder  is  still  made  use  of  in  spans  up  to  60  or  70  feet; 
beyond  this  it  is  more  economical  to  employ  girders  of  the  lattice  type, 
which  may  have  parallel  booms,  or  be  constructed  on  the  bowstring  principle ; 
sometimes^  however,  they  are  built  in  the  form  of  an  arch. 

When  the  head-room  or  height  to  the  under  side  of  the  girders  in 
doseing  an  existing  line  of  communication,  railway,  canal,  or  navigable 
riyer  is  limited,  only  outside  main  girders  are  employed  to  carry  the  road- 
way. When,  on  the  other  hand,  no  such  restriction  is  involved,  the  road- 
way may  be  carried  on  the  top  of  a  series  of  plate  or  lattice  girders  having 
a  uniform  depth.  In  the  former  case  cross  girders,  of  the  plate  or  lattice 
type,  are  required,  and  extend  between  the  main  girders  to  the  lower  flanges 
on  which  they  are  fixed.  These  transoms  or  cross  girders  are  built  with  a 
camber  similar  to  that  of  the  rise  of  the  transverse  section  of  the  road ;  they 
are  spaced  from  6  to  10  feet  apart,  on  which  bearers  running  parallel  to  the 
main  girders  are  fixed,  and  on  the  bearers  convex  buckle  or  corrugated 
iron  plates  are  riveted,  which,  extending  the  whole  width  across  the 
bridge,  completes  the  superstructure.  These  plates  are  generally  covered 
with  asphalt)  but  concrete,  composed  of  cork  and  bitumen,  is  also  made  use 
of  on  account  of  its  lightness,  while  fine  cement  concrete  is  at  times 
employed  to  protect  from  moisture  the  ironwork  on  which  rest  the  mate- 
rials composing  the  road. 

112.  Steel  Trough  Deddng. — Steel  trough  decking  is  now  extensively 
used  in  forming  the  floor  or  deck  between  the  main  girders  of  bridges,  and 
may  be  fixed  on  the  top  or  to  the  web  and  lower  flanges  of  these  girders. 
This  form  of  decking  is  gradually  superseding  that  of  cross  girders  and 
buckle  plates  in  the  construction  of  the  steel  superstructure  of  bridges. 
Trough  decking  may  also  be  used,  not  in  the  form  of  a  cross  girder  but 
longitudinally,  in  which  case  the  outside  or  main  girders  are  dispensed  with, 
and  their  employment  insures  a  considerable  saving  on  the  first  cost  of 
constructing  bridges  up  to  a  span  of  36  feet.  They  are  designed  to  carry 
with  safety  live  or  moving  loads,  comprising  the  weight  of  road-rollers  and 
of  traction-engines,  in  addition  to  the  ordinary  loads  to  which  road  bridges 
are  subjected.  The  cross-section  of  a  road  bridge  with  this  type  of  super- 
structure is  illustrated  in  fig.  46.  The  dimensions  shown  are  suitable  for 
spans  of  from  16  to  20  feet;  the  weight  of  the  steel  decking  for  these  spans 
is  from  25  to  30  lbs.  per  square  foot  respectively. 

113.  The  gradients  of  the  approaches  to  many  existing  bridges  and 
culverts  could  be  greatly  improved  by  substituting  trough  decking  for  the 
rubble  arches  of  which  many  of  these  are  built  when  they  fall  into  a  state 
of  disrepair  and  require  renewing.  The  relative  cost  of  building  an  arch  of 
brickwork  in  cement,  including  haunches,  spandrils,  and  centering,  for  a 
bridge  having  a  span  of  20  feet,  would  be  about  3s.  2d.  per  square  foot  of 
area  covered;   and  for  trough  decking,  assuming  that  the  abutments  are 
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built  to  the  same  height  in  either  case,  2s.  8d.  per  square  foot.  The  saving 
effected  in  the  construction  of  the  superstructure  of  such  a  bridge  16  feet 
wide  would  be  £15  in  favour  of  steel  trough  decking. 

114.  Protecting  Dangerous  Places. — All  roads  at  dangerous  points 
should  be  protected  to  prevent  accidents  to  pedestrian  and  vehicular  traffic. 
This,  as  a  rule,  applies  more  forcibly  to  precipitous  hillside  and  mountain 
roads.  Road  authorities  are  under  an  obligation  to  perform  the  work  neces- 
sary in  carrying  out  these  protective  works,  while  the  roadsides  on  level 
ground  are  fenced  by  the  proprietors  through  whose  land  the  highway 
passes.     Many  methods  are  in  use  for  accomplishing  this. 

Earthen  mounds  are  the  most  economically  formed,  but  are  generally 
in  time  raised  too  high  by  the  roadside  accumulations  being  heaped  upon 
them,  whereby  free  circulation  of  air  on  the  road  surface  is  prevented.  The 
outlets  or  cuts  for  discharging   the  surface  drainage  of  the  road  require 
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Fio.  46. — Cross-section  showing  arrangement  of  steel  trough  decking 

as  applied  to  bridge  work. 

special  attention  where  this  form  of  protection  is  adopted.  Parapet  walls 
of  stone  built  dry  are  an  efficient  and  economical  means  of  protecting 
a  road,  where  such  material  is  available.  In  sidelong  cuttings,  where 
retaining  walls  are  a  necessity,  the  parapet  walls  are  formed  by  continuing 
these  to  a  proper  height.  They  should  have  a  thickness  of  at  least  18 
inches,  and  be  3  feet  6  inches  to  4  feet  high,  finished  with  a  rough  cope  sot 
on  edge,  while  the  outside  joints  and  cope  should  be  pinned  and  pointed 
with  lime  mortar.  The  most  common  fence,  however,  is  that  of  the  quick 
set  hedge,  planted  on  the  top  of  a  raised  mound  made  from  the  excavations 
in  forming  the  ditches.  It  makes  a  good  protection  after  the  lapse  of  some 
time,  but  requires  in  the  interval  a  considerable  amount  of  attention.  An 
open  post  and  rail  fence  answers  the  purpose  very  well,  while  wooden  and 
iron  posts  to  which  plain  galvanized  iron  wires  are  attached  is  the  method 
adopted  in  districts  where  building  stones  cannot  be  conveniently  obtained. 
The  great  objection  to  stone  fences  is  that,  being  liable  to  decay  and  damage. 
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they  are  ezpensiye  to  maintain.  So  far  as  the  durability  of  the  road  surface 
18  concerned,  this  is  best  promoted  by  having  open  fences,  as  by  this  means 
of  protection  the  beneficial  influence  of  the  sun  and  wind  in  producing 
evaporation  is  not  lessened ;  while  with  close  fences,  such  as  stone  walls  and 
hedges,  especially  if  they  be  high,  the  beneficial  effects  mentioned  are 
diminished  to  a  considerable  extent. 

115.  In  districts  where  snowstorms  are  prevalent  during  the  winter 
months,  the  existence  of  close  fences  alongside  a  highway,  apart  from  those 
for  protecting  dangerous  places,  is  a  source  of  considerable  expenditure 
in  opening  the  roads  for  traffic  after  a  snowdrift.  Where  walls  and 
hedges  form  the  boundary  line  of  a  road  it  is  not  an  uncommon  experience 
to  encounter  a  snow  cutting  of  6  feet  in  depth  the  full  width  of  the  roadway, 
and  extending  in  many  instances  for  miles,  while  the  adjoining  fields  are 
comparatively  free  from  snow. 

In  the  author's  experience,  the  cost  of  clearing  snowdrifts  has  amounted, 
on  many  occasions,  to  from  £400  to  £600  over  a  district  of  between  200  and 
300  miles,  and  this  expenditure  in  all  probability  would  have  been  saved,  or 
at  aU  events  greatly  reduced,  had  open  fences  existed  instead  of  walls  and 
hedges.  Besides  the  heavy  cost  thus  entailed,  considerable  damage  is  done 
to  the  road  surface  by  the  melting  snow,  especially  where  there  is  heavy 
vehicular  traffic.  It  is  doubtful,  even  on  consideration  of  the  preceding  facts, 
whether  any  improvement  may  be  looked  for  in  the  direction  indicated.  The 
protection  afforded  to  farm  stock  when  grazing,  and  the  capital  expenditure 
already  involved  in  providing  these  close  fences,  remove  to  a  remote  date  any 
probability  of  a  change,  or  it  might  be  said  reform,  being  brought  about. 
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116.  Not  only  does  the  science  of  geology  enter  largely  into  considera- 
tion in  making  new  roads  in  many  localities,  as  indicated  in  the  last  chapter, 
but  to  a  greater  extent  in  the  selection  of  the  most  suitable  spots  for 
opening  the  necessary  quarries  for  supplying  materials  for  making  new  roads 
and  streets  and  the  maintenance  of  existing  highways.  Chemistry  and 
petrology  also  contribute  their  share  to  the  knowledge  necessary  for  the  proper 
scientific  study  of  the  materials  for  road-making  purposes.  Hitherto  road- 
stone  has  been  selected,  in  the  first  instance,  from  previous  knowledge  of 
this  class  of  material  acquired  by  the  engineer  or  surveyor  who  can 
determine  with  a  certain  degree  of  accuracy  what  may  prove  to  be  a  suitable 
stone.  Observation  of  the  behaviour  of  the  stones  in  a  road  is  certainly 
more  convincing,  but  time  is  necessary  for  such  a  trial,  and  it  may,  after  all, 
turn  out  to  be  deficient  in  durability.  Experience  shows  that  in  many 
instances,  even  in  the  same  quarry,  remarkable  differences  exist  in  the 
quality  of  the  rock  which,  to  all  appearance,  is  of  a  similar  nature,  and  it  is 
only  by  a  microscopical  examination  of  the  rock  that  these  peculiarities  and 
the  diverse  wearing  properties  of  different  rock-types  can  be  detected. 

To  the  science  of  petrology,  therefore,  must  the  road  engineer  and  surveyor 
look  for  that  assurance,  combined  with  a  study  of  the  physical  tests  and  his 
own  knowledge  of  the  actual  use  of  some  reliable  types  of  road-stone,  which 
will  ensure  the  most  suitable  and  durable  material  being  selected  for  any 
particular  road. 

117.  The  essential  qualities  of  a  good  stone  for  paving-setts  or  macadam 
may  be  stated  as  follows : — Paving-setts  :  hardness,  toughness,  durability ; 
uniformity  of  wear,  retention  of  a  rough  surface  under  traffic  in  all  condi- 
tions of  weather.  Macadam :  hardness,  toughness,  durability ;  retention  of 
a  rough  surface  (though  this  does  not  apply  to  the  same  extent  as  in  paving- 
setts),  and,  in  some  degree,  the  property  of  binding  necessary  to  maintain 

cohe;iion  under  varying  conditions. 
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HcKrdness, — ^This,  an  essential  quality,  may  be  described  as  that  resisting 
property  which  a  solid  offers  against  any  displacement  of  its  parts  or  abrasion 
of  its  surface. 

TcfughnesB, — This  is  also  an  essential  quality,  and  is  that  property  which 
admits  of  the  constituent  minerals  yielding  to  a  small  extent  without 
separation  of  the  parts,  and  enabling  the  stone  to  resist  fracture  when  struck 
with  a  hammer,  or  by  the  blows  and  concussions  which  obtain  at  the  surface 
of  a  road  or  sett-paved  street.  Stone  for  road-metalling  purposes  may  not 
only  be  hard,  but  brittle,  and,  consequently,  deficient  in  cohesion  or 
toughness,  as  in  quartz  and  flint.  In  the  case  of  these  materials  the  stones 
crumble  under  traffic,  owing  to  the  hard  grains  being  insufficiently  bonded 
together  or  mutually  attached.  This  defect,  to  a  certain  extent,  applies  in 
the  case  of  the  intrusive  and  volcanic  rocks  which  have  a  comparatively 
high  acid  composition. 

DurabUity, — This  quality,  under  conditions  of  wear,  depends  on  the 
baldness  and  cohesion  of  the  rock,  and  also  on  the  chemical  stability  of  the 
constituent  minerals.  The  tendency  to  decompose  or  weather  is  present  in 
mocit  rocks  when  brought  under  the  oxidizing  influence  of  air  and  water. 
The  question  of  the  resistance  of  a  road-stone  to  chemical  agents  is,  as 
might  be  supposed,  of  great  importance.  In  addition  to  the  decomposing 
effect  of  air  and  water  on  most  rocks,  paving-setts  and  road-metal  are 
farther  subjected  to  the  solvent  action  of  impure  surface  water  charged  with 
salts  and  organic  acids. 

The  softening  or  partial  decomposition  of  a  road- stone  by  these  chemical 
changes  has  generally  been  regarded  as  a  destructive  element  in  road 
maintenance.  It  appears,  however,  from  recent  investigations  that  the 
chemical  decomposition  is  not  so  destructive  as  road  engineers  formerly 
imagined  it  to  be.  Notwithstanding  this,  it  can  hardly  be  doubted  that  the 
weathering  properties  of  a  stone  are  determined  by  resistance  to  chemical 
action.  And  although  this  may  be,  in  some  instances,  slow  and  not 
appreciable  on  the  surface  of  a  road  which  is  renewed  from  time  to  time, 
the  internal  structure,  by  the  solvent  action  of  surface  waters  percolating 
through  the  metal  coating  under  abnormal  conditions  of  weather,  must  be 
adversely  affected. 

Binding  or  CementitUms  Properties. — This  quality  depends  to  a  great 
extent  on  the  toughness  of  a  rock  and  its  resistance  to  spalling  and  fracture. 
Road-stone  showing  these  characteristic  features  has  generally  a  rough- 
fractured  surface  which  enables  it  to  retain  its  position  in  the  road  better 
than  a  stone  having  too  smooth  a  surface.  Road-metal  consolidated  by 
using  chips  and  dust  of  the  same  material,  especially  if  the  rock  is  of  the 
more  acid  varieties  of  the  volcanic  and  porphyritic  groups,  is  generally  de- 
ficient in  cementitious  properties ;  it  therefore  becomes  necessary  to  employ 
binding  material  of  a  slightly  clayey   nature  to  maintain  cohesion.    The 
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dust  produced  at  the  surface  of  a  macadaniized  road  through  wear  may,  under 
certain  conditions,  filter  into  the  body  of  the  road  during  wet  weather,  but 
more  generally  it  is  blown  off  the  surface  by  high  winds  or  removed  in  the 
form  of  mud. 

118.  The  frictional  wear,  especially  with  road-stone  of  a  brittle  nature, 
is  considerable.  Traffic  during  extreme  conditions  of  weather  causes 
movement  and  rubbing  of  the  stones,  which  wears  off  their  sharp  edges, 
and  become  rounded.  This  must  lead  to  disintegration  of  the  road  crust ; 
especially  is  this  the  case  when  binding  of  a  siliceous  nature  is  made  use  of 
deficient  in  iron  oxides  or  other  cementitious  matter.  It  may  be  mentioned 
in  passing,  though  the  matter  will  be  referred  to  later,  that,  in  the  author's 
experience  with  different  types  and  varieties  of  road-stone,  the  acidic 
andesites  and  felsites  create  less  mud  and  dust  than  basic  andesites,  dulerites, 
generally,  and  some  basalts  and  granite. 

119.  The  distribution  of  rocks  over  the  British  Isles  suitable  for  road- 
making  purposes  furnishes  a  remarkable  geological  study  of  the  operations 
of  Nature  in  the  past.  In  most  localities  stone  of  some  kind,  more  or  less 
suitable  for  the  purpose  in  view,  is  invariably  found,  and  a  glance  at  the 
geological  maps  will  indicate  this,  enabling  the  road  engineer  to  investigate 
the  varying  features  of  particular  districts. 

Igneous  rocks,  for  the  most  part,  are  resorted  to  for  the  supply  of  paving- 
setts,  kerbs,  channels,  and  road-material.  These  rocks  appear  in  the  crust 
of  the  earth  as  rock  masses,  veins,  dykes,  and  bosses,  and  vary  greatly 
in  mineralogical  composition,  chemical  stability,  and  physical  strength. 
Metamorphic  rocks  are  also  made  use  of  for  road-making  purposes.  The 
sedimentary  group  of  road-stones  embrace  quartzite,  sandstone,  limestone, 
chert,  and  flints,  many  of  which  possess  good  qualities  under  certain 
conditions.  This  class  of  road-stone  is,  however,  on  the  more  important 
roads  at  least,  being  superseded  by  the  igneous  types  of  rock  which  possess 
the  necessary  qualities. 

The  durability  and  other  properties  requisite  in  a  road-stone,  and  upon 
which  its  value  depends,  are  influenced  by  the  mineralogical  composition 
and  petrological  character  of  the  rock-types  suitable  for  this  purpose.  The 
resistance  to  chemical  decomposition  of  tlie  constituent  minerals  is  also  a 
cliaracteristic  feature,  wliile  the  rock  structure,  or  the  manner  in  which  the 
component  parts  are  aggregated  together,  is  an  important  factor. 

The  igneous  rocks,  formed  by  consolidation  from  a  molten  state,  differ 
in  character  from  one  another,  due  partly  to  the  composition  of  the  magma 
and  partly  to  the  condition  attending  its  consolidation.  The  latter  condition 
is  of  a  diverse  nature — the  cooling  of  the  plutonic  rocks  has  been  a  slow 
and  gradual  process,  favourable  to  the  perfect  development  of  the 
crystalline  forms  of  its  constituent  minerals,  while  in  that  of  the  volcanic 
group  the  rocks  have  consolidated  under  superficial  conditions,  that  is, 
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bj  comparatively  rapid  cooling  under  low  pressure.  These  diverse  con- 
ditions naturally  produce  different  structural  characteristics,  and  the  rocks 
pocooao  varying  differences  in  coarseness  and  fineness  of  texture  and  the 
mutual  arrangement  of  the  component  minerals.  Rock  for  road-making 
porposes  depends  not  so  much  on  the  constituent  particles  for  durability  as  on 
the  strength  of  the  base  or  matrix  by  which  these  particles  are  held  together. 
The  composition  of  a  rock  is  indicated  to  some  extent  by  the  essential 
minerals,  while  the  accessory  ingredients  go  a  long  way  towards  determining 
the  fitness  of  a  stone  for  road-making  purposes.  It  is  therefore  necessary 
to  take  into  account  the  relative  abundance  of  these  minerals,  which  form 
the  bulk-analyses,  though  a  mere  enumeration  of  the  minerals  does  not  give 
a  very  precise  indication  of  the  nature  of  the  rock  from  which  road<6tones 
are  to  be  procured. 

The  chemical  stability  of  different  minerals  varies  considerably,  and 
the  amount  of  these  unstable  constituents  which  are  decomposed  by  the 
oxidizing  influences  of  air  and  the  chemical  waters  which  prevail  on  the 
surfBce  of  a  road  should  be  carefully  determined.  The  effect  of  passing 
traffic  on  road-stones  composed  to  any  extent  of  unstable  minerals  is  that 
they  wiU,  in  due  course,  rapidly  disintegrate  into  a  clayey  residue,  forming 
mud  in  wet  and  dust  in  dry  weather. 

120.  The  more  important  essential  and  accessory  minerals  of  which 
road-stones  prepared  from  the  igneous  rock-types  are  composed  will  now  be 
briefly  described. 

Quartz, — Quartz  is  crystallised  silica,  and  occurs  as  isolated  crystals  and 
crystalline  granules  in  many  rocks.  In  granite  it  merely  fills  up  the 
spaces  between  other  crystals,  and  has  no  definite  crystalline  shape.  Silica 
is  an  abundant  mineral  in  most  road-stones,  and  being  of  great  hardness, 
is  practically  indestructible.  The  crystals,  in  microscopic  slices,  are  usually 
cracked ;  the  bounding  edges  are,  however,  generally  well  defined,  and  there 
is  practically  no  trace  of  alteration  in  their  composition. 

Felspar  and  Mica. — These  occur  in  many  different  varieties,  and  are 
essentially  silicates  of  alumina,  with  varying  proportions  of  silicates  of 
potash,  soda,  lime,  or  other  bases.  Potash  felspar,  or  orthoclase,  is  much 
more  durable  than  the  plagioclase  variety,  containing  a  large  proportion  of 
soda  and  lime.  The  potash  form  of  mica,  niuscovite,  is  much  more  durable 
than  the  black  ferro-magnesian  mica,  biotite.  These  minerals  occur  in 
granite  as  essential  constituents,  and  are  components  in  a  greater  or  less 
degree  in  most  of  the  other  igneous  rocks. 

Auijite  and  Dicdlage, — ^The  pyroxenes,  of  which  augite  and  diallage  are 
the  most  important  as  rock-formers,  are  essentially  silicates  of  lime  and 
magnesia,  these  bases  being  replaced  at  times  by  alumina  and  oxides  of 
iron,  etc.  Augite  is  an  essential  constituent  in  the  basalt  family  of  rocks. 
Diallage,  a  variety  of  augite,  is  an  essential  mineral  in  gabbro. 
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Hornblende. — Hornblende  is  the  only  mineral  in  the  amphibole  gronp 
of  any  importance  as  a  constituent  mineral  in  the  rock-types  under  review. 
It  is  an  essential  constituent  in  syenite  and  diorite,  but  is  met  with  as  an 
accessory  mineral  in  many  other  igneous  rocks. 

Olivine, — This  mineral  is  a  silicate  of  magnesia  and  protoxide  of  iron, 
and  is  an  abundant  constituent  in  the  greater  part  of  the  basalt  family  of 
rocks  or  basic  lavas. 

The  accessory  minerals  are  numerous,  and,  besides  those  described  as 
essential  minerals,  which  exist  as  secondary  constituents  at  times  in  many 
igneous  rocks,  include  hematite,  magnetite,  ilmenitc,  pyrites,  etc.  The 
metallic  oxides  are  favourable  to  a  road-stone  in  some  instances,  but  generally 
they  are  a  source  of  weakness,  especially  if  present  in  large  quantities. 

121.  In  addition  to  the  composition  and  relative  abundance  of  the 
essential  and  accessory  minerals,  and  the  manner  in  which  these  are 
aggregated  together  in  the  different  types  and  varieties  of  igneous  rocks, 
characteristics  of  a  diverse  nature,  more  or  less  favourable,  generally  exist 
in  stone  for  road-making  purposes.  Some  of  these  characteristics,  for 
instance,  are  fluxion  or  flow  structure,  cleavage,  freshness  of  the  minerals, 
alteration,  decomposition-products,  all  of  which  require  careful  investigation 
in  order  to  determine  whether  one  or  other  of  these  structural  peculiarities 
tends  to  improve  the  stone,  or  whether  their  existence  is  a  source  of  weak- 
ness. Rock  structures  having  fluxion  phenomena,  including  flow  lines, 
parallel  orientation  of  plienocrysts,  and  banding,  are  features  peculiar  to 
some  rock-types,  particularly  in  the  volcanic  groups,  and  especially  in  the 
andesite  family.  This  structural  feature,  if  it  exists  to  any  extent,  impairs 
the  compressive  strength  of  a  road-stone,  and  is  therefore  not  favourable 
to  good  resisting  properties.  The  presence  of  natural  microscopic  planes 
of  weakness  caused  by  the  disposition  of  the  minerals  induces  a  tendency 
to  split,  or  shows  natural  cleavage.  Freshness  of  the  constituent  minerals 
is  advantageous,  but  certain  forms  of  alteration  of  the  original  components 
appear  to  improve  the  stone  as  a  wliole. 

The  alteration  of  augite  to  hornblende  is  beneficial,  and  that  of  the 
felspars,  the  alteration-products  of  which  are  epidote,  albite,  quartz,  and 
mica,  does  not  appear  to  adversely  aflect  the  rock ;  but  the  decomposition- 
products  calcite,  limonite,  and  kaolin  bring  about  injurious  results. 
Generally  the  alteration  of  the  felspars  and  some  of  the  ferro-magnesian 
minerals  apparently  increases  the  compactness  and  toughness  of  rocks.  On 
the  other  hand,  alteration  in  the  sense  of  decomposition,  so  that  disinte- 
gration ensues,  makes  rocks  so  aflbcted  unfit  for  road-making  purposes.  For 
instance,  the  decomposition  of  augite  and  olivine  into  soft  substances  such 
as  serpentine,  chlorite,  and  carbonates,  decreases  their  wear-resisting  pro- 
perties, more  especially  if  these  decomposed  minerals  occur  in  numerous 
large  units. 
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The  ophitic  structure  in  many  of  the  varieties  of  the  basaltic  group  of 
rocks,  which  is  a  factor  of  importance  in  the  wearing  properties  of  road- 
stone  produced  from  these  rocks,  depends  entirely  on  the  freshness  of  the 
augite,  as  the  stability  of  an  ophitic  rock  depends  on  this  mineral. 

Grenerally  the  fineness  and  evenness  of  grain  of  rocks  used  as  road-stones 
are  advantageous  compared  with  those  rocks  the  component  minerals  of 
which  form  a  coarse  aggregation,  but  in  these  particulars  there  are  notable 
ezoeptions. 

122.  The  more  important  rock-types  used  for  paving-setts  and  road-stones 
will  now  be  described.  The  classification  employed  is  that  usually  adopted 
in  petrology,  viz.,  Plutonic,  Hypabyssal  or  Intrusive,  Volcanic,  Metamorphic 
and  Sedimentary  rocks. 

Plntonic  Bocke. — Granite  is  a  plutonic  igneous  rock,  and  is  met  with, 
in  general,  in  large  rock  masses.  This  distinctive  feature  of  granite,  as  in 
other  rock  types  of  deep-seated  origin,  points  to  slow  cooling  and  consolida- 
tion under  great  pressure.  It  is  an  even-grained,  holocrystalline  rock,  the 
texture  being  comparatively  coarse,  or  from  medium  to  coarse.  Granite  is 
composed  essentially  of  felspars,  quartz,  and  some  form  of  mica  or  a  ferro- 
magnesian  silicate,  in  addition  to  the  accessory  constituents,  aggregated 
together  in  a  thoroughly  crystalline-granular  manner.  The  felspars  form  the 
greater  part  of  a  granite,  a  potash-  or  soda-bearing  felspar,  commonly  occur- 
ring together,  and  the  durability  of  the  rock  depends  largely  on  their  nature ; 
the  decomposition-products  are  kaolin,  minute  flakes  of  mica,  and,  in  the 
lime-bearing  varieties,  some  epidote  or  calcite.  Quartz,  in  nearly  all  cases, 
acts  as  the  ground-mass,  and  as  it  was  the  last  constituent  to  be  solidified,  it 
is  moulded  around  the  other  grains.  An  important  feature  in  connection 
with  granite,  which  is  sometimes  an  advantage  and  at  times  the  reverse,  is, 
in  the  case  of  paving-setts,  that  the  felspars  are  compactly  interlocked  with 
the  quartz ;  and  the  more  compact  and  fresh  is  the  granite,  the  more  likely 
it  is  to  prove  satisfactory  in  point  of  durability. 

The  predominant  mica  in  granite  is  of  the  muscovite  variety,  though 
the  dark  brown  or  black  variety,  biotite,  is  also  found  to  be  present.  Mica 
is  of  a  soft  nature,  and  is  readily  split  into  thin  lamellar  plates.  The  dark 
variety,  or  biotite,  is  rich  in  iron  oxides,  and  is  often  found  in  a  more  or  less 
decomposed  or  transformed  state.  It  is  of  inferior  chemical  stability  to  the 
white  or  muscovite  variety,  the  latter  being,  next  to  the  quartz,  the  most 
stable  constituent  of  granite. 

Hornblende,  which  is  a  constituent  of  some  importance  in  rock  for  road- 
stones,  owing  to  its  toughness,  is  common  in  some  varieties  of  granite.  Of 
the  numerous  accessory  minerals  iron  oxides  and  pyrites  are  the  most 
important. 

There  are  many  leading  types  of  granite  depending  on  the  characteristic 
mineral  after  felspar  and  quartz,  such  as  muscovite-,  biotite-,  hornblende-,  and 
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augite-granites.  The  texture  of  these  varies  considerably  from  coarse 
crystalline  masses  to  fine  granular  rocks,  which  pass  into  elvans  and  por- 
phyries, the  quartz- felsite  or  quartz- porphyry  of  the  hypabyssal  group. 
These  latter  rocks  are  chemically  nearly  similar  to  granites,  but  they 
differ  materially  in  structure  from  them. 

Syenite, — This  rock,  a  variation  of  the  granite  type,  is  an  even-grained 
holocrystalline  aggregate  of  orthoclase  felspar  and  a  ferro-magnesian  con- 
stituent in  the  form  of  hornblende  or  augite  and,  at  times,  biotite  in  addition, 
and  various  minor  accessories.  Quartz  is  a  subordinate  constituent.  The 
hornblende-granites  pass  almost  imperceptibly  into  syenite  and  diorite. 

Diarite* — This  is  a  similar  rock  to  the  preceding,  the  only  difference 
being  in  the  kind  of  predominant  felspar,  plagioclase  taking  the  place  of 
orthoclase.  These  rocks  are  largely  used  as  road  metal,  and  those  having 
the  component  minerals  fine-grained  and  compact  are  satisfactory  and  durable 
compared  with  those  of  coarse  grain,  which  quickly  decompose  and  form 
mud  in  wet  weather.  This  type  of  rock,  containing  free  quartz,  is  known 
by  the  name  of  quartz-diorite. 

Gabbro, — This  rock  is  holocrystalline^  and  the  essential  minerals  are 
a  lime-soda  felspar  and  a  pyroxene.  These  rocks  are  intermediate  and 
thoroughly  basic  in  composition.  The  gabbros  and  norites  show  consider- 
able variation  in  mineralogical  constitution,  and  the  texture  varies  from 
medium  to  coarse-grained.  There  are  many  varieties  of  this  rock,  such  as 
hornblende-,  olivine-gabbros. 

Hypabyssal  Bocks. — Under  this  head  such  rocks  as  the  Acid  Intrusives, 
Felsite,  Porphyries,  Porphy rites  and  Diabases  are  included.  The  acid 
intrusives  are  porphyritic  in  character;  the  ground-mass  may,  however, 
vary  from  holocrystalline  to  partly  crystalline  and  partly  glassy.  They  are 
composed  of  felspars  rich  in  alkali  and  usually  quartz,  while  ferro-magnesian 
minerals  and  free  iron-ores  occur  in  very  small  quantities.  The  quartz- 
felsite  or  quartz-porphyry  rocks  are  composed  of  a  mixture  of  orthoclase 
and  quartz  as  essential  constituents,  little  or  no  mica  being  found  in  their 
composition.  The  former  rock  is  generally  very  compact  in  texture,  being 
intimately  mixed  so  as  to  present  a  homogeneous  matrix,  while  that  of  the 
latter,  or  quartz-porphyry,  is  characterized  by  continuous  crystals.  Triclinic 
felspars  occasionally  occur  in  these  rocks,  while  the  minerals,  mica  and 
hornblende,  accompany  the  essential  constituents ;  apatite,  magnetite,  and 
pyrite  being  at  times  met  with  as  accessories.  The  colours  of  these  rocks 
vary  from  flesh-red,  purple,  yellow  to  slate-gray,  depending  chiefly  on  the 
felspar.  Mica  and  hornblende  impart  to  these  rocks  dark-grey,  brown  and 
greenish  tints.  These  rocks,  unlike  granite,  occur  in. dykes  or  sheets,  are 
produced  from  an  acid  magma,  and  are,  for  the  most  part,  too  hard  for  use 
as  paving-setts,  developing,  as  they  do,  a  tendency  to  wear  under  traffic  to  a 
smooth  and  slippery  surface. 
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Diabase. — ^The  diabases,  like  tlieir  plutonic  equivalent,  gabbros,  are  holo- 
ciystalline  and  typically  non-porphyritic ;  they  are  finer-grained,  however, 
and  differ  in  structural  and  other  particulars.  The  felspars  vary  from  oligo- 
clase  to  labradorite.  The  pyroxene  constituent  is  augite,  although  in  some 
instances  bronzite,  hornblende,  brown  mica,  and  quartz  are  found.  Olivine, 
generally  found  in  idiomorphic  crystals  or  grains,  occurs  in  most  rocks  of 
this  type,  and  the  iron-ores,  usually  ilmenite  and  magnetite,  occur  abund- 
antly. The  decomposition-products  are  calcite-dust,  mica,  and  epidote 
in  the  felspars;  fibrous  or  scaly  aggregates  of  serpentinous  and  chloritic 
substances ;  and  the  usual  characteristics  of  the  metallic  oxides.  There  are 
different  varieties  of  this  rock,  as  augite-,  hornblende-,  mica-,  enstatite-, 
olivine-,  and  quartz-diabases.  The  structural  peculiarity  common  to  many 
rocks  in  the  basaltic  group,  which  resemble  the  dolerites  in  many  otiier 
respects,  and  which  gives  cohesion  to  the  crystalline  particles,  is  present  in 
this  rock  and  known  as  ophitic  diabase. 

Volcanic  Socks. — Under  this  group  are  included  the  andesites  and 
basaltic  family  of  rocks. 

Andesites, — These  rocks  are  of  intermediate  composition  between  the 
preceding  and  those  immediately  following.  Tliere  are  acid  and  basic 
varieties ;  the  former  are  rich  in  quartz,  and  are  known  as  dacitos  or  quartz 
andesites.  The  grain  is  fine,  and  the  characteristic  minerals  of  the  ground- 
mass  are  a  soda -lime  felspar  porphyritically  developed  and  one  or  more 
ferro-magnesian  minerals.  The  varieties,  according  to  tlie  dominant  con- 
stituent, are  distinguished  as  hornblende-,  mica-,  augite-^  and  hypersthene- 
andesites.  The  felted  structure  of  the  ground-mass  in  typical  pyroxene- 
bearing  andesites  is  advantageous  to  durability.  On  the  other  hand,  how- 
ever, flow-structure,  peculiar  to  many  igneous  rocks,  is  evident  in  andesite, 
which,  if  sufficiently  pronounced,  is  a  source  of  weakness  in  a  road-stone. 
The  decomposition-products  of  the  felspars  are  calcite,  finely  divided  kaolin 
or  mica,  epidote;  and  those  of  the  ferro-magnesian  minerals  give  rise  to 
chlorite,  magnetite,  carbonates,  etc. 

Basalt  Group  of  Rocks. — Tlie  basalt  family  of  rocks  includes  dolerites, 
the  texture  varying  from  finely-crystjiUine  to  coarse-grained.  They  consist 
of  highly  basic  felspars,  as  labradorite  and  anorthite,  together  with  augite, 
olivine,  and  magnetite  or  titaniferous  iron  with  apatite  and,  sometimes, 
sanidine  and  nepheline.  The  augite  in  basalt  plays  a  similar  part  to  that 
taken  by  hornblende  in  the  rocks  described  above,  and  is  also  a  constituent 
mineral  of  most  of  the  following  series.  These  rocks  occur  as  dykes,  veins, 
intrusive  bosses  and  sheets,  and  sometimes  present  columnar  structure. 
BaMtlt  is  generally  close-grained  and  compact,  the  dark  colour  being  chiefly 
due  to  the  large  proportion  of  magnetite,  which  also  contributes  to  its  high 
specific  gravity.  Diabase  consists  of  practically  the  same  minerals  as  basalt,  but 
differs  in  some  other  respects,  and  has  therefore  been  placed  in  the  hypabyssal 
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group  of  rocks.  Dolerite  is  a  term  given  to  the  more  coarsely  crystalline 
varieties  of  basalt.  The  tendency  to  crystallization  is  much  stronger  than 
with  the  more  acid  families  of  lavas,  the  structure  being  holocrystalline  and 
the  texture  coarse  compared  with  the  generality  of  lavas ;  they  are  mostly 
porphyritic.  The  characteristic  structures  are  granulitic  and  ophitic; 
the  latter  feature  has  been  observed  in  the  previous  rocks,  which  is 
advantageous  to  durability.  The  alteration  of  augite  to  hornblende  is 
important,  but  that  of  olivine  to  serpentine  is,  in  some  instances,  unfavour- 
able, especially  if  it  occurs  in  numerous  large  units.  The  durability  of  this 
variety  of  the  basaltic  group  of  rocks  is  very  variable,  however,  depending 
in  a  great  measure  on  the  freshness  of  the  ferro-magnesian  minerals  and 
silicates.  The  ophitic  structure  depends  on  the  augite  being  fresh,  other- 
wise this  beneficial  property  is  lost  and  the  rock  is  then  of  little  value  as  a 
road  material,  except,  perhaps,  for  unimportant  roads.  The  decomposition 
efifect  in  this  class  of  rocks  will  be  noticed  more  fully  under  par.  125,  17. 

Metamorphic  and  Sedimentary  Bocks. — ^This  class  of  rock  embraces 
Homfels,  Mica-schists,  Quartzites,  Sandstones,  Limestones,  Flints,  etc.  The 
homfels  vary  in  structure  greatly,  and  are  somewhat  brittle ;  when  horn- 
blende is  an  important  ingredient  the  rock  is  preferable  to  those  composed  of 
constituents  of  a  less  tough  nature.  Mica-schist  is  essentially  composed  of 
quartz  and  mica  disposed  in  layers  which  give  it  a  stratified  appearance. 
It  is  used  as  a  road-stone  in  the  West  Highlands  of  Scotland  and  in  Wales 
on  light-trafficked  roads  with  fairly  good  results. 

The  quartzites  J  pi  all  other  descriptions  of  rock  in  the  sedimentary 
group,  are  distinctly  superior  as  material  for  road-making  purposes.  This 
result  is  mainly  due  to  the  fact  that  the  grains  are  completely  cemented 
together  with  quartz ;  these  stones  are,  however,  very  brittle.  Most  of 
the  limestones  have  been  largely,  and  are  still,  employed  as  road-stone  in 
many  counties  in  England.  The  durability  of  these  rocks  is  influenced  by 
their  porosity,  which  varies  with  the  compactness  and  crystalline  texture. 
The  Carboniferous  or  mountain  limestone  is  the  best  of  this  group  of 
rocks  for  macadam.  When  subjected  to  heavy  vehicular  traffic  this 
road-stone  makes  much  dust  in  dry  and  mud  in  wet  weather,  the  latter 
being  of  a  very  greasy  nature.  Alternate  frost  and  thaw  renders  this 
material  practically  useless  on  roads  thus  affected.  Flints^  especially  those 
which  have  been  weathered,  give  good  results,  but  are  exceedingly  brittle 
and  unsuitable  on  roads  bearing  heavy  traffic.  Chert,  gravel,  slag,  and 
many  other  kinds  of  material  are  used,  but  most  of  these,  including  the 
sedimentary  group,  and  some  varieties  of  the  plutonic,  hypabyssal,  and 
volcanic  groups  of  rocks,  are  doubtful  in  regard  to  durability. 

123.  In  selecting  material  for  the  purpose  of  road-making,  the  essential 
characteristics  mentioned  on  p.  94  should  form  an  excellent  guide,  though 
practical  experience  assists  materially  in   judging    the    quality    of    any 
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particular  lock.     The  mere  examination    of    a    hand    specimen    is    not 

always  sufficient  to  determine  the  mineralogical  composition  in  regard  to 

alteration-products,  chemical  stability,  or  in  respect  of  those  properties 

which  go  to    make    a    durable  roadnstone.      Hitherto    that    experience, 

combined  with  an  experimental  trial  of  the  stone  itself  on  a  section  of 

road,  more  especially  when  opening  a  new  quarry,  appears  to  be  the  only 

rational  and  satisfactory  means  of  determining  the  point.     Comparison  by 

this  means  may  be  made  of  different  kinds  of  road-stone,  and  the  results 

obtained,  after  years  of  wear  on  a  road  over  which  a  known  amount  of 

wheel  traffic  has  passed,  compared  with  those  recorded  on  another  section 

of  road  similarly  situated  and  maintained  for  years  with   a  material  of 

recognized  quality.     This  process  takes  time,  however,  which  is  a  serious 

drawback  when  the  exigencies  of  the  case  demand  that  material  from  a 

new  source  has  to  be  found  and  tested  within  a  reasonable  period  of  time. 

184.  To  assist  those  concerned  in  road  work,  physical  and  other  tests 
of  road-making  material  have  been  in  use  for  some  years  past,  and,  apart 
from  being  extremely  interesting,  have  proved  to  be  of  assistance  generally. 
The  results  obtained  have,  however,  only  a  relative  value,  while  in  many 
instances  the  conclusions  arrived  at  are  extremely  misleading,  unless  taken 
in  conjunction  with  some  well-defined  characteristic  as  shown  by  a  micro- 
scopical examination  of  the  road-stone. 

Boad-stone  Tests. — These  are  generally  known  as  the  abrasion, 
drop,  absorption,  weathering,  crushing,  and  cementation  tests,  and  the 
microscopic  examination  of  the  road-stone. 

Abrcuion  Test. — The  abrasive  resistance  of  road-stone  to  withstand  the 
effects  of  traffic  depends  principally  on  the  toughness  of  the  rock,  and,  to 
some  extent,  on  its  hardness.  The  difficulty  in  physical  tests  of  this  nature 
is  that  percussive  attrition  and  internal  abrasion  under  certain  weather 
conditions  cannot  be  artificially  produced  in  a  satisfactory  manner. 
The  most  useful  machine  for  this  purpose  is  perhaps  that  designed  by 
Mr  T.  de  Courcy  Meade  and  used  by  Mr  E.  J.  Lovcgrove,  engineer  and 
surveyor  to  the  Homsey  District  Council,  in  testing,  for  comparative 
toughness,  practically  all  descriptions  of  road-stone  in  use ;  but  of  course 
tests  of  this  kind  are  only  of  a  comparative  nature.  This  rotary  machine, 
which  is  driven  by  a  gas  engine,  consists  of  three  cylinders,  each  11^ 
inches  in  diameter,  and  in  the  inside  of  each,  three  1  inch  by  1  inch  angle- 
iron  ribs  are  riveted  lengthwise.  The  sample  of  stones  to  be  tested  is 
subjected  to  what  is  known  as  the  dry  and  wet  process.  The  same  weight 
of  stones  is  used  in  each  instance,  namely,  4  lbs.,  and  these  are  placed  in 
the  cylinders  and  subjected  to  8000  revolutions  at  a  speed  of  twenty 
revolutions  per  minute.  In  the  wet  test  the  stones  are  weighed  dry  and 
then  placed  in  the  cylinders,  one-half  gallon  of  water  being  added;  the 
weight  of  the  stones  after  testing  is  ascertained  when  they  are  thorouglily 
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dry,  and  the  loss  recorded,  from  which  the  percentage  in  each  case  is 
calculated.  The  chips  referred  to  in  the  statement,  Table  XIV.,  yary  in  size, 
the  dust  being  in  the  form  of  a  fine  powder.  In  this  test  the  stones  should 
be  a  fair  sample  of  the  material  used  in  actual  practice,  and  in  this  particular 
they  will  vary  considerably,  according  to  whether  they  belong  to  an  acid 
or  basic  variety  of  rock,  and  consequently  of  varying  angularities  approaching 
a  cubical  form.  Any  variation  as  to  size,  shape,  and  specific  gravity  will 
tend  to  produce  diverse  results,  even  with  the  same  class  of  stones  tested 
at  difierent  times.  Such  dififerences  are  in  a  measure  unavoidable,  while 
cleavage  and  porosity  of  the  rock,  a  varying  peculiarity  even  in  the  same 
quarry,  affect  the  results  in  certain  cases. 

Experimental  error  will  also,  to  some  extent,  be  responsible  for  slight 
differences,  while  the  selection  of  picked  stones  instead  of  a  fair  sample 
may  be  the  cause  of  many  of  the  apparently  anomalous  results.  It  is  to 
the  interest  of  many  to  obtain  the  best  possible  results  for  trade  purposes, 
while  others  desire  a  test  of  the  road-stones  approximately  as  near  as 
possible  to  their  behaviour  in  practice,  and  presenting  conditions  which 
have  to  withstand  the  test  of  actual  wear  under  traffic. 

On  the  Continent  and  in  America  a  machine  for  similar  tests  has  been 
largely  used,  namely,  Deval's  impact  machine.  It  consists  of  one  or  more 
drums  which  rotate  about  an  eccentric  axis.  The  stones  to  be  tested  are 
.  weighed  previous  to  being  placed  in  the  machine,  the  cylinder  being  rotated 
at  a  speed  of  thirty  revolutions  per  minute  for  five  hours.  The  contents 
are  then  placed  in  a  sieve  having  0*16  cm.  (y^u^inch)  meshes,  which  separate 
the  dust  from  the  larger-sized  material.  The  difference  in  weight  of  the 
latter  and  that  originally  placed  in  the  machine  represents  the  proportion 
of  dust  formed  by  abrasion.  The  best  rocks  produce,  according  to  the 
Frencli  engineers,  about  2  per  cent,  of  dust,  or  20  grammes  per  kilogramme 
of  stone.  The  coefficient  of  wear  is  therefore  represented  by  20,  from 
wliich  the  coefficent  of  other  samples  of  rock  can  be  determined  by  the 

formula:  Coefficient  of  wear  =  20 x.^^  or  -•— ,  in  which  W  represents  the 

W        W 

weight  in  grammes  of  detritus  under  0*16  cm.  in  size  obtained  per  kilo- 
gramme (2*2  lbs.). 

Impact  and  Drop  Ted, — The  French  engineers  also  test  the  ability  of 
a  stone  to  resist  impact  by  means  of  an  instrument  closely  resembling  in 
principle  a  pile-driver.  The  test  is  made  on  4  cm.  cubes,  which  are 
fixed  in  the  lower  part  of  the  machine,  by  a  hammer  falling  on  the 
specimen  of  stone.  Two  hammers  are  generally  employed,  weighing  42 
and  20  kilogrammes  respectively.  These  are  raised  by  cords  passing  over 
pulleys,  and  can  be  released  at  any  desired  height,  from  which  they  fall 
upon  the  specimen  under  test.  The  number  of  blows  necessary  to  crack 
the  stone,  and  also  the  number  required  to  produce  complete  destruction,  are 
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thus  determined.  The  drop  test  used  in  this  country  by  M.  T.  Clark  is 
carried  out  by  subjecting  the  specimen  of  stone  to  repeated  blows  from  a 
filling  weight.  The  hardness  of  a  specimen  of  stone  is  ascertained  by  the 
Qsoal  mineralogical  test  The  tenacity  of  the  stone  by  this  method  is 
proTed  by  the  resistance  of  the  material  to  a  hammer  weighing  15  lbs. 
falling  from  a  distance  of  10  inches  on  the  specimen,  which  is  placed  on  an 
anylL  The  samples  of  rock  to  be  tested  weigh  3  lbs.,  broken  to  road-metal, 
and  capable  of  passing  through,  in  all  dimensions,  a  2^inch  ring.  The 
road-stone  thus  prepared  is,  by  the  repeated  action  of  the  weight  falling, 
reduced  sufficiently  small  to  pass  through  a  sieve  of  ^-inch  mesh,  which 
aixe  is  taken  to  represent  exhausted  road-metal.  The  number  of  blows 
necessary  to  accomplish  this  is  registered  automatically.  This  method  of 
testing  has  not,  apparently,  been  much  employed,  although  the  principle 
would  appear  to  be  of  some  service  in  carrying  out  physical  tests  on 
road-stones. 

Absorptive  Power. — ^The  absorptive  power  of  a  road-stone  depends  on  its 
porosity ;  its  utility  being  shown  by  the  fact  that  the  expansive  influence 
of  froet  renders  porous  stones  liable  to  disintegration.  This  test,  like 
most  others,  is  of  a  comparative  nature,  and  the  results  probably  vary  to  a 
greater  extent  than  in  any  of  the  other  physical  tests.  The  absorptive 
power  of  road-stones  varies  considerably,  the  igneous  rocks  being  the  least 
absorbent.  Limestones,  on  the  other  hand,  show  a  high  percentage  of 
imbibed  moisture,  as  is  indicated  in  the  following  table. 

Table  XII.* 

Onnites  absorb  from  '1  to  '8  per  cent  of  their  weight. 

Basalts  average  about  *3  ,,  ,,  ,, 

Sandstones  Tary  from  2*7  ,,85  „  ,,  „ 

Limestones        „  4  „  12    „  „ 

The  first  two  rocks  are,  presumably,  the  best  of  their  respective  types.  In 
experiments  carried  out  by  Mr  Charles  G.  Moore  t  some  granites  were 
found  to  possess  a  porosity  of  from  4*68  to  19*90  per  cent.,  the  latter, 
however,  indicating  a  decomposed  state;  while  the  porosity  of  andesite 
was  0*78,  syenite  (Mountsorrel)  0*32,  and  basalt  (top  of  whinsill,  High  Cup 
Neck)  2*66  per  cent.  Road-stones  characterized  by  closeness  of  grain,  absence 
of  cleavage,  or  planes  of  weakness  and  of  decomposition-products  generally, 
give  the  best  results  in  this  respect.  They  are  therefore  more  chemically 
durable,  and  withstand  the  weathering  effects  better  than  more  porous 
materials.  The  greater  the  absorptive  power  the  more  readily  will  the 
road-stone  be  reduced  to  mud  under  traffic  in  wet  weather. 

Crushing  Test, — The  compressive  strength  is  determined  by  means  of 

*  Vide  BoadSj  Builder  Student  Series.     GreenwoU  and  Elsden. 

t  Vide  Quarry,  May  1903. 
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a  hydraulic  press,  which  indicates  the  resistance  of  a  sample  of  carefully 
dressed  cubes  of  stone  to  crushing.  The  results  obtained  by  this  physical 
test  are,  so  to  speak,  of  a  positive  nature ;  yet  they  may  be  very  misleading 
in  so  far  as  the  selection  of  a  suitable  stone  for  road-metal  is  concerned. 
Too  much  importance  is  generally  attached  to  this  property,  especially  by 
quarry-owners. 

To  show  how  delusive  it  is  to  attach  undue  weight  to  a  high  resistance 
to  crushing,  solely  on  account  of  a  stone  possessing  this  property,  the 
following  different  kinds  of  stone  may  be  compared.  A  specimen  of  rock 
from  the  Clee  Hill  quarries  mentioned  at  p.  1 15,  which  is  described  as  a  tough, 
hard,  fine-grained  basalt,  and  *^  almost  perfect  as  a  road-stone,"  is  capable  of 
sustaining  a  crushing  test  of  only  6  tons  per  square  inch.  Guernsey  granite 
(syenite),  also  an  excellent  stone,  and  much  used  in  London  and  the  southern 
towns  of  England  for  road  repairs,  shows  a  crushing  resistance  of  12*75  tons 
per  square  inch. 

Flints,  on  the  other  hand,  are  a  very  satisfactory  material  where  the 
traffic  is  moderate,  and  are  used  to  a  considerable  extent  in  many  English 
counties  where  more  suitable  material  cannot  be  obtained.  This  description 
of  stone,  however,  cannot  be  compared  with  either  of  these  preceding  it  for 
durability  when  subjected  to  the  exigencies  of  traffic  and  weather ;  never- 
theless, it  has  a  high  resistance  to  crushing,  being  slightly  over  14  tons  to 
the  square  inch.  From  this  comparison  it  is  evident  that  a  high  resistance 
is  no  indication  of  the  wearing  qualities  of  a  road-stone  under  the  practical 
test  of  traffic. 

Samples  of  rock  from  the  same  quarry  tested  by  this  means  often 
give  results  varying  considerably,  an  average  of  these  tests  being  taken 
as  representing  the  crushing  strength.  In  the  preparation  of  the  cubes, 
generally  6  inches,  cracks  and  the  probable  inherent  flaws  in  the  sample, 
combined  with  their  manipulation  in  the  hydraulic  press,  give,  on  the 
small  cubes  tested,  a  different  value  than  would  be  expected  on  blocks  of 
larger  size. 

A  stone  having  a  high  resistance  to  crushing  clearly  shows  that  other 
qualities  are  necessary  in  order  tliat  it  may  be  sucessfully  used  for  metalling 
purposes.  It  has  been  indicated  that  toughness  alone  is  not  the  only 
quality  requisite  for  a  good  stone,  while  one  having  a  high  resistance  to 
crusliing  is  equally  deficient ;  so  that  of  these  two  properties  it  is  apparent 
that  the  one  is  quite  as  essential  as  the  other  for  a  stone  to  possess  in  order 
that  it  may  be  considered  as  having  good  wearing  qualities. 

Weathering  Test, — This  test,  never  of  much  utility,  has  been  practi 
cally   abandoned  in  connection  with  testing  road-stones.     The  process  of 
soaking  a  stone  in  a  saturated  solution  of  sulphate  of  soda  (Glauber's  salt), 
or  the  more   practical   method   of  artificially   freezing   the  sample  after 
prolonged  soaking  in  water,  is  of  no  value.    Any  stone  sufficiently  porous  to 
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be  disiniegratod  by  these  means  is  evidently  quite  unsuitable  for  use  as 
road  material. 

CemeniaHon  Test. — The  binding  power  of  the  detritus  or  dust  formed 
from  the  abrasion  of  the  different  road-stones  used,  apart  from  the 
composition,  aggr^;ation  of  the  minerals,  and  texture  of  the  rock  itself,  has 
of  late  interested  road  engineers,  and  by  many  it  is  considered  of  such 
importance  as  to  be  a  predominating  factor  in  road  maintenance.  This 
can  only  obtain  to  any  great  extent  in  countries  where  the  climatic  condi- 
tions render  such  a  quality  absolutely  necessary  owing  to  long-continued 
drought.  It  should  be  borne  in  mind  that  wearing  capacity  is  greater  than 
cementitious  power  in  roads  of  medium  to  heavy  traffic. 

In  rolling  operations  a  suitable  binding  material,  depending  on  the 
nature  of  the  rock  from  which  the  road-stones  are  prepared,  fulfils  the 
object  in  view,  namely,  aiding  in  conjunction  with  judicious  watering,  the 
oonsnlidation  of  the  metal  coating.  Road-stone  obtained  from  the  more 
acid  varieties  of  rock,  particularly  those  of  volcanic  origin  as  distinguislicd 
from  granites,  can  be  treated  with  chips  and  dust  obtained  from  the  basic 
varieties  of  stone ;  that  is,  employing  the  cementitious  dust  binding  material 
with  these  descriptions  of  road-metal,  and  vice  versd.  This  is  not,  however, 
practicable  in  most  instances ;  therefore  the  application  of  suitable  binding 
material,  containing  metallic  oxides,  which  fulfil  the  necessary  requirements, 
is  generally  employed.  When  at  all  possible,  the  author's  invariable  practice 
has  been  to  apply  loamy  sand  as  a  binding  material  with  road-stones  of  a 
highly-silicated  composition,  and  clean  sand  for  the  more  basic  varieties  of 
rock,  such  as  certain  andesites  and  dolerites,  and  finishing  with  screenings 
from  the  stone-breaker  in  each  case.  Road* stone  prepared  from  rocks  of 
the  latter  description,  or  dolerite  group,  containing  decomposition-products 
in  most  instances,  would,  if  consolidated  with  dust  and  chips  obtained 
during  the  breaking  operations,  be  such  as  to  make  a  road  so  constructed 
a  disintegrated  mass  during  alternating  frost  and  tliaw  after  a  fall  of  rain. 
Roads  coated  and  consolidated  under  these  conditions  produce,  under  traffic, 
a  great  quantity  of  mud  in  wet  and  dust  in  dry  weather. 

The  abrasion  of  the  stones  in  the  crust  of  a  road  during  extreme 
weather  conditions  creates  detritus  and  adds  to  the  amount  of  cementitious 
matter,  but  in  certain  varieties  of  rock  the  quantity  thus  produced  is 
excessive,  and  creates  much  mud  and  dust. 

Effective  rolling,  or  the  proper  consolidation  of  a  road-stone  coating, 
extraneous  binding  being  squeezed  out  and  removed,  is  more  efifective  in 
producing  cementitious  properties  in  the  binding  than  that  likely  to  be 
expected  from  dust  and  chips  combined  with  water,  giving  the  desired 
result  by  a  possible  chemical  action,  or  disintegration  of  the  particles. 

The  eementation  test  is  considered  in  America  as  of  great  importance  in 
determining  the  respective  qualities  of  road-stone  in  the  making  and  repair- 
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ing  of  roads.  The  tests  instituted  there  consist  of  intermixing  with  water 
the  dust  created  by  the  attrition  of  road-stone  tested  for  abrasion,  forming 
a  paste  moulded  in  a  short  cylinder  and  compressed  to  1422  lbs.  per  square 
inch.  Two  weeks  are  generally  allowed  for  the  briquette  thus  formed  to  dry, 
after  which  it  is  tested.  A  hammer  weighing  about  2  lbs.  is  allowed  to  fall 
upon  it  at  intervals  from  variable  heights,  the  standard  being  0*39  inch; 
the  blow  being  repeated  until  the  binding  capacity  or  cementation  power  of 
the  material  is  destroyed.  The  number  of  blows  is  taken  as  representing 
the  binding  power  of  the  stone. 

The  result  of  these  tests  *  appears  to  show  that  road-stones  containing 
decomposed  mineral  constituents  are  high  in  cementitious  power,  but  rocks 
of  practically  the  same  variety  give  widely  divergent  values.  Thus  felsite 
tested  by  the  Massachusetts  Highway  Commission,  1896-1901,  gives  a 
mean  'cementing  value'  of  42*6,  while  the  Report  of  the  United  States 
Department  of  Agriculture  in  the  Road-material  Laboratory,  1900-1901, 
values  the  cementitious  quality  of  this  stone  at  12  per  cent.  For  other  road- 
stones,  such  as  gabbro^  the  values  are  fixed  at  12  and  131,  granite  8'8  and 
23*4,  limestone  16*0  and  85*4,  sandstone  13*2  and  84*7  respectively,  and  the 
latter  testing  authority  places  the  cementing  value  of  clay  at  2295*5. 

Grenerally  it  must  be  inferred  from  these  tests  that  the  mud-  and  dust- 
producing  materials  are  favoured  because  of  their  superior  binding  properties. 
The  object  in  this  country  has  been,  and  especially  at  the  present  time  is, 
to  avoid  road-stones  having  such  characteristic  proclivities. 

Microficopic  Examination. — In  considering  the  value  of  the  physical 
tests  mentioned  it  is  apparent  that  information  of  a  more  reliable  nature  is 
desirable,  and  this  can  bo  supplied  by  the  science  of  petrology.  It  is  only 
in  recent  years  that  road  engineers  have  availed  themselves  of  this  means  of 
arriving  at  a  definite  conclusion  as  to  the  merits  of  different  rock-types  for 
paving-setts  and  road-stones. 

The  microscopic  examination  of  the  constituent  minerals,  texture,  mode 
of  crystallization  of  the  rocks,  and  the  chemical  stability  and  decomposition- 
products  of  these  minerals,  are  of  the  utmost  assistance,  and  when  combined 
with  observations  of  their  wear  and  behaviour  in  actual  use,  it  surpasses 
any  other  method  of  determining  the  value  of  such  materials  under  different 
conditions  of  locality  and  traffic. 

The  attrition  test  brings  out  many  peculiarities  of  an  interesting  nature. 
In  many  instances  the  wearing  capacity  of  the  stone  in  actual  use  corre- 
sponds in  a  remarkable  degree  to  the  results  obtained  by  this  test  as  w^ell 
as  by  the  microscopic  examination.  In  other  specimens  of  stone,  for  reasons 
not  easily  explained,  the  results  are  widely  divergent. 

125.  The  petrological  examination  of  a  few  typical  rocks  for  road- 
making  purposes  will  now  be  described  briefly,  accompanied  with  photo- 
*  Boads  and  Pavements ,  Pi-of.  I.  0.  Baker.     J.  Wiley  k  Sod,  New  York. 


ROAD-MAKING    MATERIALS. 


109 


micrographs  of  the  stones,  giving  details  of  the  constituent  minerals, 
Btmctarey  texture,  alteration,  and  decomposition-products  and  other  character- 
istic features  or  peculiarities.  Nos.  7,  10-14,  and  16-18  inclusive  refer  to 
road-stones  used  by  the  author  for  many  years  past,  while,  in  addition  to  the 
points  mentioned  above,  the  wear  or  behaviour  of  those  in  actual  use  will 
be  given  in  detail,  from  which  a  general  comparison  may  be  made. 


Table  XIII. 
Some  Typical  Road-stones. 


4 

11 

Petroloffical 

tl 

|a 

Name  of  Quarry,  etc. 

Counties,  etc. 

Description  of 

^1 

Stones. 

1» 

41« 

Mountaorrel,    .... 

Leicestershire. 

Biotite  -  hornblende 
granite. 

2 

108 

Bordeaux  Quarry,  St  Sampson's, 

Guernsey. 

Hornblende  gneiss. 

8 

18 

Yale  Quarries,                 „ 

}» 

Homblendic  gabbro. 

4 

117 

Balmedie,  Belhelvie, 

Aberdeenshire. 

Flaser  hypersthene 
gabbro. 

6 

48 

Threlkeld,         .... 

Cumberland. 

Granite  porphyry. 
Quartz  porphyrite. 

6 

5 

Narborough,     .... 

Leicestershire. 

7 

55 

Lindifferon,  Cupar,   . 

Fifeshire. 

Felsite. 

8 

119 

Groby, 

Leicesterehire. 

Granophyre. 

9 

57 

Darbishire's  Quarries,  Penmaen- 
mawr. 

Carnarvon. 

Quartz  enstatite  dia- 
base. 

10 

91 

Duimimonkshill,  Strathmiglo,  . 

Fifeshire. 

Andesite  (acid). 

11 

209 

Bridgend,  Auchtermuchty, 

fi 

»>           i» 

12 

54 

Mount,  Cupar, .... 

f> 

It           >i 

18 

50 

Foodie,      ,,.... 

}» 

„        (basic). 

14 

90 

Kiunear,  St  Fort, 

)» 

Olivine  basalt. 

15 

8 

Titterstone  Quarries,  Clee  Hill, 
Ludlow, 

Shropshire. 

„      dolerite. 

16 

163 

Baldinnie,  Ceres, 

Fifeshire. 

f  f           ft 

17 

98 

Broomknowe,  Oraigrothie, 

it 

Ophitic       „ 

18 

•  •  • 

Monimai],  Collessie, . 

)» 

Dolerite. 

19 

16 

Cherbouig,        .... 

France. 

Quartzite. 

^  The  numerals  1,  2,  3,  etc,  refer  to  paragraphs  and  figures  in  text. 

*  These  figures  refer  to  the  attrition  tests  carried  out  by  Mr  E.  J.  Lovegrove. 

In  the  following  description  the  figures  refer  to  the  road-stone  in  the 
preceding  table  and  the  photo-micrographs  in  Plate  III. 

1.  Mounisorrd* — This  is  a  fine-grained  dull-red  stone.     On  a  newly- 

*  The  petrological  descriptions  of  Nos.  1,  2,  3,  4,  5,  6,  8,  9, 14,  and  17  are  taken  from 
the  Surveyor ^  10th  Nov.  to  28th  Dec.  1905  inclusive,  and  the  author  is  indebted  to  the 
editor  of  that  paper  for  the  photo-micrographs  referred  to  above,  and  shown  in  Plate  III. 
The  author  is  also  indebted  to  Professor  Joly,  Dublin  University,  and  the  proprietors  of 
the  Quarry,  for  undertaking  microscopical  examinations  of  numerous  road-stones.  The 
niolta  of  these  have  been  published,  and  some  are  included  in  the  typical  road-stones 
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fractured  surface  it  is  easy  to  make  out  the  dull-red  felspar,  the  green 
chlorite  and  dark  grains  of  homhlende,  and  clear  shining  quartz  can  he 
seen  hetween  the  other  mineral  grains.  The  felspar  is  decomposed  and 
stained  red.  It  occurs  partly  in  small  porphpitic  crystals,  fig.  1  B-C3, 
and  partly  in  much  smaller  crystals,  forming  a  ground-mass  with  quartz. 
The  dark  minerals  are  hiotite  (weathered  to  green  chlorite),  C-D4,  and 
greenish-hrown  hornblende,  A-B,  1-2.  A  good  deal  of  the  felspar  is 
plagioclase.  The  quartz  is  all  in  the  ground-mass,  and  is  the  last  ingredient 
to  crystallize,  as  it  encloses  the  latest  felspars. 

The  texture  and  structural  features  in  which  the  late  crystallization  of 
the  quartz  or  the  production  of  secondary  quartz  in  a  kind  of  ground-mass, 
together  with  the  small  amount  of  alteration  and  decomposition-products, 
causing  a  reduction  in  size  of  the  component  grains,  all  go  to  make  a  hard 
and  resistant  material.  This  rock  is  much  used  for  road-making  purposes 
in  many  counties  in  England. 

2.  Guernsey  *  Blue  Granite.^ — This  is  a  dark  bluish-green  stone  of  medium 
grain  and  crystalline  texture ;  the  white  grains  of  felspar  and  quartz,  and 
the  green  ones  of  hornblende,  are  easily  distinguished  by  the  unaided  eye. 
It  consists  of  green  hornblende  in  irregularly-shaped  masses,  a  little  Aveathered 
hiotite,  orthoclase  and  plagioclase  felspar,  and  quartz.  The  structure  is 
gneissose,  but  approaches  granitic  in  some  parts  of  the  slide.  Effects  of 
crushing  are  seen,  especially  in  the  quartz.  The  iron-ores  may  be  surrounded 
with  granular  sphene.  The  only  constituents  which  show  idiomorphism 
are  the  felspars,  occasionally,  and  the  apatite. 

The  predominance  of  hornblende  is  noticeable  in  fig.  2,  where  all  the  grey- 
shaded  portions  represent  this  mineral,  A-D5.  The  paler  portions  are  either 
felspar,  D2,  B4,  or  an  aggregate  of  quartz  and  felspar- grains,  Al-4.  This 
stone  is  also  much  used  in  the  southern  counties  as  a  road-making  material. 

3.  Guernsey  Homhlendic  Gahhro, — The  structure  of  this  rock  is  that  of 
the  gabbros  rather  than  that  of  the  diorites.  The  section  fig.  3  shows  that 
the  rock  consists  principally  of  plagioclase  felspar  in  short,  rounded 
individuals,  and  of  clear  pale-brown  augite  in  crystals,  which  are  some- 
times, though  not  usually,  idiomorphic.  The  felspar  and  pyroxene  are 
both  schillerized  in  places,  and  the  augite  has  not  unfrequently  the  platy 
structure  of  diallage.  No  olivine  is  present,  but  there  are  many  large 
crystals  of  hornblende,  dark  green  in  colour,  enclosing  plagioclase  felspars 
in  an  ophitic  manner.  This  hornblende  may  be  intergrown  with  the 
diallage,  either  in  scattered  patches  or  as  a  border  on  its  surfaces.  Iron-ores 
and  apatite  are  also  present,  and  there  are  a  few  bastite  pseudomorphs, 
apparently  after  idiomorphic  enstatite. 

described  in  these  pages.  Vide  also  Scientific  Proceedings  of  the  Royal  Dublin  Society, 
vol.  X.  (N.S.)  part  iii.  No.  80,  pablished  18th  May  1905  (from  which  figs.  16  and  17 
have  been  reproduced  by  permission  of  the  Society) ;  and  Quarry  of  May  and  June  1905. 
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The  large  dark  masses  in  the  lower  part  of  fig.  3  belong  to  a  crystal  of 
green  hornblende ;  the  white  bodies  enclosed  in  it  are  crystals  of  felspar. 
The  dark-grey  cross-hatched  mineral  in  B-D5  is  also  hornblende;  the 
paler  grey  material  seen  in  the  figure  is  augite  ;  the  black  bodies  in  A-Bl 
and  in  B3  are  iron-ores.     All  the  clear  parts  are  felspar. 

4.  Balmedie  Hyperethene  Gahbro, — A  dark-grey  stone  with  a  well-marked 
ahininesB  on  the  freshly-fractured  surface.  The  main  components  of  this 
rock  are  diallage,  hypersthene,  and  plagioclase  felspar.  The  diallage  is 
brownish,  and,  in  addition  to  the  usual  prismatic  cleavages,  has  the  platy 
structure  characteristic  of  this  mineral;  the  hypersthene  has  a  distinct 
pleochroism,  ranging  from  pink  to  clear  green  ;  the  plagioclase  is  schillerizcd 
and  filled  with  small  opaque  enclosures.  The  rock  contains  a  little  biotite 
and  iron  oxides  altered  to  acicular  actinolite  and  sphene.  The  large  plates 
of  diallage  are  curved  and  distorted,  and  the  felspar  begins  to  assume  the 
character  of  granulitic  mosaic.  Chlorite  and  bastite,  as  decomposition-pro- 
ducts, are  somewhat  abundant.  The  whole  of  fig.  4  is  occupied  by  grains  of 
felspar,  except  under  A-B-C5,  where  the  extremity  of  a  large  plate  of 
diallage  is  seen. 

This  rock  would  appear  to  make  a  good  road-stone,  notwithstanding  the 
prevalence  of  chlorite,  etc.,  and  is  intended  to  supersede  certain  of  the 
granites,  especially  coarse-grained  types,  which  have  hitherto  been  used  in 
most  parts  of  Aberdeenshire,  but  which  produce  much  mud  in  wet  and  dust 
in  dry  weather. 

5.  Threlkdd  Chranite  Porphyry. — In  this  rock  large  crystals  of  quartz 
and  of  felspar  lie  scattered  through  a  matrix  of  smaller  grains  of  the  same 
minerals.  All  the  felspar  is  turbid  and  semi-opaque,  through  weathering. 
There  have  also  been  large  and  small  biotite  crystals,  but  these  have  been 
altered  to  chlorite.  Secondary  muscovite  has  formed  through  the  rock,  as 
a  product  of  the  decomposition  of  the  original  felspar. 

The  relative  size  of  the  quartz  crystals  and  the  ground-mass  is  clearly 
seen  in  fig.  5;  neither  the  muscovite  nor  the  large  porphyritic  felspar  is 
included  in  the  view.  The  grey  portion  of  the  ground-mass  is  felspar ;  the 
clear  white  is  quartz.  A  number  of  small  flakes  of  chloritized  biotite  may 
be  observed  about  the  centre  of  the  figure. 

6.  NarlHYTOugh  Quartz  Porphyrite,  — This  rock  consists  of  more  or  less 
decomposed  plagioclase  crystals,  corroded  quartz  grains,  green  decomposition- 
products  after  the  ferro-magnesian  minerals,  magnetite  or  ilmenite,  and  a 
micro-crystalline  mosaic  of  quartz  and  turbid  felspar,  which  constitutes  the 
ground-mass.     The  porphyritic  felspar  appears  to  be  wholly  plagioclase. 

In  the  hand  specimen  it  is  pink  or  light  red,  and  shows  well  the  small 
porphyritic  felspars  and  green  spots  of  chlorite  and  other  secondary 
minerals. 

Portions  of  larger  felspar  crystals  lying  in  a  matrix  of  micro-granitic 
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felspar  and  quartz  are  shown  in  fig.  6;  the  felspar  of  the  ground-mass 
appears  dark,  through  it  heing  very  turhid  and  stained  red. 

The  decomposition-products  of  this  rock,  although  pronounced,  would 
appear  not  to  affect  it  greatly ;  the  structural  arrangement  of  the  component 
minerals  is  characteristic,  which  no  doubt  tends  in  this  stone  to  durability. 

7.  Lindifferon  FeUUe,*  Geological  formation  Po^.t — This  rock  is 
very  fine-grained,  and  of  a  terra-cotta  colour  and  dull  lustre.  It  consists  of 
a  crypto-crystalline  felsitic  ground-mass  with  small  angular  crystals  of 
quartz  evenly  distributed  throughout  Frequent  felspars  occur,  short  and 
stout,  and  some  elongated,  and  form  a  closely-interwoven  mass.  These 
felspars  are  idiomorphic,  and  often  show  turbid  cavities ;  they  polarize  in 
grey  tints,  and  many  are  probably  orthoclase,  the  structure  in  some  cases 
resembling  hour-glass  form.  The  felspars  are  only  distinguishable,  without 
polarized  light,  by  their  slightly  deeper  brownish  colour,  and  there  is 
occasionally  some  indication  of  flow  or  banded  arrangement.  Biotite  is 
present  in  small  flakes  varying  in  colour  from  pale  yellowish  to  greenish- 
brown;  they  are  often  found  bent,  and  at  times  associated  with  ragged 
masses  of  red-brown  oxide  of  iron ;  traces  of  hypersthene  and  augite  are 
found.  These  masses  range  from  dimensions  similar  to  those  of  the  felspars 
to  minutest  particles,  and  confer  upon  the  rock  its  red  colour.  { 

After  five  years'  use  on  a  road  the  stones  were  not  found  to  be  much 
rounded,  but  the  surfaces  were  somewhat  smooth. 

The  stone  is  very  hard,  but  deficient  in  toughness.  It  has  been 
successfully  used  in  damp  and  shaded  places  where  the  material  formerly 
in  use  and  of  fairly  good  quality  was  worn  down  quickly  and  produced 
much  mud  in  wet  weather.  The  stone,  however,  spalls  in  dry  exposed 
situations,  while  in  damp  places  the  moisture  appears  to  stimulate  tough- 
ness. One  peculiarity  observable  in  connection  with  this  road-stone,  not 
existing  in  any  other,  in  the  author's  experience,  is  that  no  mud  is  created 
through  wear  in  wet  weather,  the  resultant  detritus  being  fine  sand  which 
possesses  good  binding  qualities. 

8.  Orohy  Ghaiiophyre. — The  red  patches  in  a  hand  specimen  of  this  rock 
are  a  fine  undergrowth  of  quartz  and  felspar  (micro-pegmatite),  in  which  the 
other  ingredients  are  embedded.  The  green  streaks  are  chlorite,  iron-ores 
and  epidote,  derived  from  some  ferro-magnesian  mineral  which  can  no 
longer  be  recognized.  Larger  well-shaped  porphyritic  crystals  of  felspar  lie 
scattered  through  the  rock,  and  are  visible  in  thin  slices ;  they  include 
both  orthoclase  and  plagioclase,  but  are  often   much   weathered.     Quartz 

*  This  rock  occurs  in  dykes,  not  shown  in  the  geological  maps,  and  can  be  traced 
from  near  FliskmUn  on  the  river  Tay  over  Norman's  Law,  cutting  through  dolerite 
dyke  there,  and  on  to  Lindifferon  and  Rankelllor,  near  Springfield.  Dykes  and  veins 
can  be  traced  eastwards  of  Fliskmiln  to  Lnthrie. 

t  The  nomenclature  is  that  given  on  the  Geological  Survey  sheets  40,  41,  48,  and  49. 

X  This  road-stone  is  described  as  a  hypersthene  andesite  in  Quarry ,  May  1905,  p.  204 
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Tery  rarely  forms  definite  areas  of  any  size,  occurring  almost  solely  in  small 
angular  patches  in  the  felspar  of  the  ground-mass. 

All  the  upper  part  of  the  photo-micrograph  %.  8  is  occupied  by  the 
intimate  graphic  intergrowth  of  felspar  and  quartz ;  the  individual  elements 
are  finer  above  and  become  coarser  below.  The  dark  masses  B4  and  D4 
are  alteration-products  of  the  felspar ;  the  black  masses  Dl  and  E5  are 
green  ferro-magnesian  minerals.  The  grey  rectangular  crystal  in  £1  is  one 
of  the  porphyritic  felspars. 

9.  Quartz  EngtcUite  Diabase, — This  stone,  of  compact  grey,  and  breaking 
with  a  clear  cuboidal  fracture,  a  variety  of  the  Penmaenmawr  enstatite 
diabase,  is  fine-grained,  and  consists  mostly  of  small  crystals  of  quartz  and 
felspar.  The  quartz  is  clear  and  transparent ;  the  felspars  are  cloudy  and 
doll  through  weathering.  Pseudomorphs  of  bastite,  after  enstatite  or 
bronzite,  occur  in  plenty,  and  have  a  well-marked  crystalline  form.  There  is 
also  some  granular  brownish  augite,  ilmenite  weathering  to  leucoxene,  and 
apatite.  Even  in  the  hand  specimen  the  porphyritic  structure  is  distinct, 
and  is  due  to  the  presence  of  large  phenocrysts  of  felspar  and  of  enstatite. 
The  photo-micrograph  resembles  fig.  9,  but  shows  a  finer  grain.  The 
clear  parts  in  the  figure  are  quartz,  the  grey  parts  felspar,  in  the  upper  left 
comer ;  while  in  the  opposite  corner  the  grey  portion  represents  enstatite 
and  the  white  part  felspar,  Dl.     The  black  masses  are  ilmenite. 

This  rock  is  largely  used  as  a  road-stone,  and  gives  great  satisfaction. 

10.  Andesite  (acid).  Geological  formation  Pc^ — This  rock  is  described 
as  a  banded,  fluidal,  dark-brown  andesite,  and  consists  entirely  of  small 
lath-shaped  crystals  of  felspar,  arranged  with  their  long  axes  more  or  less 
parallel.  There  is  no  augite  or  other  ferro-magnesian  mineral,  but  much 
magnetite  and  hematite  in  small  grains  and  irregular  stains ;  these  give  the 
rock  its  dark-red  tint.  The  felspar  is  mostly  plagioclase,  but  there  seems 
to  be  a  fair  proportion  of  orthoclase  mingled  with  it. 

It  is  a  hard  and  fairly  tough  road-stone,  is  recognized  as  durable,  and  has 
given  satisfactory  results  in  every  particular.  There  being  no  decomposition- 
products  present  in  this  rock,  the  road-stones  produce  little  mud  or  dust. 
The  toughness  is  probably  produced  by  the  manner  in  which  the  mag- 
netite and  hematite,  altliough  in  large  quantities,  are  distributed.  Stones 
removed  from  the  road  after  many  years'  wear  are  neither  much  rounded 
nor  smooth. 

11.  Andesite  (acid).  Geological  formation  Pc\ — This  rock  is  very  fine- 
grained, and  of  a  colour  varying  from  brownish-grey  to  black.  The 
ground-mass  is  holocrystalline  and  contains  lath-shaped  and  some  square 
felspars  with  fluxion  structure.  The  augite  is  somewhat  altered ;  the 
phenocrysts  of  felspar  are  fresh  and  clear,  and  hematite  and  magnetite  are 
oommon  in  grains,  dust,  and  crystals. 

It  breaks  under  the  hammer  with  a  sharp  conchoidal  fracture,  and  yields 
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only,  however,  with  difl&culty  to  the  hand  lever.  After  two  and  a  half 
years'  wear  the  stones  are  rounded  and  smoothed. 

The  stone  gives  excellent  results,  is  very  durahle  in  all  situations  and  under 
all  conditions  of  traffic,  and  comparatively  little  mud  is  formed  in  wet  weather. 

12.  Andesite  (acid).  Geological  formation  Po^^ — The  colour  of  this  rock 
varies  from  dark  grey  to  nearly  hlack;  it  is  a  porphyritic  andesite  with 
large  crystals  of  plagioclase  felspar  in  a  crystalline  felspathic  ground-mass 
and  fiuxional  structure.  The  large  felspars  have  well-defined  crystalline 
forms,  clear  and  fresh,  and  with  some  traces  of  what  appears  to  be  bastite  or 
hypersthene.  Augite  is  scarce,  clear  to  colourless,  and  there  is  a  fair 
amount  of  magnetite  in  dust  and  small  crystals,  as  also  some  red  oxide  of 
iron,  chlorite,  and  calcite.  Fig.  12  shows  a  group  of  large  porphyritic 
plagioclase  crystals  lying  in  the  ground-mass  of  the  smaller  crystals ;  the 
flow  structure  is  well  defined  in  this  photo-micrograph.  Under  the  hammer 
the  stone  breaks  fairly  easily,  showing  no  cleavage. 

This  road-stone  has  been  extensively  used  and  found  satisfactory  in 
regard  to  durability  on  roads  carrying  heavy  traffic,  and  its  behaviour  is 
generally  good  under  all  weather  conditions. 

Specimens  of  stones  taken  up  after  four  years'  wear  are  much  rounded 
and  the  surfaces  smoothed. 

There  is,  however,  a  structural  peculiarity  in  the  rock,  in  certain  parts 
of  the  quarry,  which  causes  it  to  change  its  position  in  the  working  face 
from  time  to  time  as  operations  are  extended. 

The  micro-photograph  fig.  1 2  has  been  selected,  among  others,  to  show 
this  peculiarity,  which  is  also  met  with  in  many  volcanic  rocks  in  a  greater 
or  less  degree,  and  is  known  as  flow  or  fluxion  structure. 

The  peculiarity  referred  to  is  at  times  pronounced,  and  the  author,  while 
regarding  the  material  generally  as  of  excellent  quality,  has  experienced  on 
the  roads  metalled  from  this  quarry  a  condition  of  surface  which  could 
not  be  readily  explained.  Small  depressions  appeared  and  at  certain  points 
increased,  which  necessitated  investigation  as  to  the  cause.  The  road  was 
pitted  at  diflerent  places  and  carefully  examined,  but  the  bottoming  was 
found  to  be  in  good  condition.  The  road-stone  itself,  in  these  depressions, 
was  then  examined,  and  it  was  discovered,  in  most  instances,  that  the 
stones  were  of  a  flaky  nature,  and  could  be  separated  easily  in  thin  layers, 
evidently  pointing  to  the  fact  that  the  cohesion  between  the  component 
minerals  had  been  destroyed.  The  cause,  therefore,  was  not  difficult  to 
trace,  more  especially  after  a  careful  examination  of  the  petrological  charac- 
teristics of  this  and  other  road-stones. 

The  structural  peculiarity  is,  in  this  instance,  very  marked,  and  the 
defects  previously  experienced  with  this  road-stone  in  the  proper  mainten- 
ance of  the  roads  has  been  obviated  by  rejecting,  as  far  as  possible,  the  affected 
portions  of  rock  during  quarrying  operations  and  when  breaking  the  material. 
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IS.  AndesUe  (basic).  Greological  fonnation  Po^.  —  This  is  a  fine- 
grained black  rock.  The  ground-mass  is  holocrystalline,  and  is  composed  of 
lath-shaped  and  irregular-sized  felspars,  with  some  flow  structure.  The 
phenocrysts  are  felspars,  lamellar  and  simple  twins,  but  are  not  plentiful. 
A  faintly  pleochroic  enstatite  or  hypersthene  exists,  colourless  to  pale 
pinkish  in  appearance.  Biotite,  pleochroic,  associated  with  red  oxide  of  iron 
and  epidote,  are  also  present,  and  some  chlorite.  Small  grains  of  augite 
are  associated  with  an  olive-green  alteration-product.  The  fracture  is  only 
feebly  glistening  or  nearly  dull.  The  rock  is  fairly  tough,  although  it 
breaks  easily  under  the  hammer,  the  fracture  being  more  or  less  conchoidal. 
It  also  shows  some  cleavage. 

After  four  years'  wear  the  stones  are  fairly  rounded  and  the  surfaces 
smooth. 

As  a  road-stone  it  is  very  durable,  and  wears  uniformly  under  traffic,  the 
portions  of  rock  showing  marked  fluxional  structure  being  used  for  quarry 
rood  repairs. 

14.  Olivine  Basalt*  Greological  formation  Po^. — ^This  rock  has  a  fine 
grain,  and  is  dark-grey  to  nearly  black  in  colour,  with  inconspicuous  reddish- 
brown  spots.  The  ground-mass  consists  of  a  mixture  of  augite  and  very 
small  lath-shaped  felspars,  apparently  triclinic.  There  are  very  few  pheno- 
crjrsts;  a  few  idiomorphic  felspars  with  zonal  structure,  and  with  simple 
twinning  or  not  twinned ;  rarely  lamellar.  A  decomposed  mineral,  appar- 
ently olivine,  is  veined  with  hematite ;  there  is  also  a  little  magnetite 
present.  Spicules  are  also  fairly  abundant,  green-brown  to  opaque,  but  no 
pleochroism  or  optical  activity  is  visible  in  these. 

Under  the  hammer  this  stone  breaks  fairly  easily,  and  has  little  or  no 
cleavage. 

After  nearly  five  years'  wear  in  a  road,  the  stones  are  considerably 
rounded  and  the  surfaces  smooth. 

This  olivine  basalt  produced  fairly  good  road-stones  when  the  quarry 
was  newly  opened ;  but  the  quality  at  present  is  not  so  satisfactory,  caused 
apparently  by  a  greater  abundance  of  decomposed  olivine  as  serpentine. 
The  iron-stained  olivine  is  represented  by  the  black  masses  in  fig.  14. 
This  stone  appears,  even  at  the  present  time,  to  be  of  good  quality ;  but  in 
this  particular,  both  an  eye-examination  and  experience  fail  in  detecting  the 
nature  and  bulk  of  the  decomposition-products,  and  this  in  great  measure 
emphasizes  the  desirability  of  ascertaining  the  physical  and  petrological 
characteristics  of  road-stones  in  each  instance.  Road-stone  No.  161, 
Table  XIY.,  p.  121,  has  been  substituted  for  this  olivine  basalt 

15.  Olivine  Dolerite, — This  rock  is  a  rather  coarse-grained  olivine 
diabase  commonly  known  as  'Clee  Hill  Basalt.'  In  the  hand  specimen 
the  gr«en  olivine,  black  augite,  and  dark-grey  plagioclase  felspar  can  easily 

*  Thii  rook  has  been  deeoribed  as  a  basic  andesite  and  an  olivine  dolerite. 
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be  made  out  with  the  help  of  a  len&  Under  the  microscope  the  olivine 
appears  as  clusters  of  rounded  grains  weathering  to  serpentine.  The  augite 
is  greyish-brown  and,  though  sometimes  forming  groups  of  idiomorphic 
crystals,  is  for  the  most  part  in  small  grains  of  irregular  form,  moulded  on 
the  felspars,  so  that  the  structure  is  of  the  '  ophitic '  type.  The  plagioclase 
felspar  occurs  in  long  lath-shaped  crystals.  Ilmenite  is  abundant  in  irregular 
plates,  and  there  are  many  fine  needles  of  apatite.  As  a  rule,  all  the 
ingredients  are  very  fresh  and  well  preserved  for  rocks  of  this  kind,  though 
there  are  small  patches  of  cloudy  analcite  and  other  zeolites  filling  angular 
spaces  between  the  felspars. 

The  most  prominent  feature  in  fig.  15  is  the  olivine  in  the  lower  right- 
hand  comer.  In  D2-3,  El,  Al,  and  Bl,  augite  is  shown;  the  remaining 
clear  portions  are  the  lath-shaped  felspars. 

This  is  one  of  the  best-known  road-stones  in  this  country,  and  is 
extensively  used  in  many  parts  of  England. 

16.  Ophitic  Olivine  Dolerite.  Geological  formation  Gn  Bd*. — This 
rock  is  a  typical  ophitic  olivine  dolerite,  and  black  in  colour.  The  olivine 
is  mostly  altered  to  serpentine  ;  the  augite  is  abundant,  ophitic,  with  lath- 
shaped  felspars,  and  very  fresh.  It  is  rather  coarse-grained,  and  breaks 
with  a  rough  fracture,  showing  its  crystallized  constituents  glistening  like 
broken  sugar.  There  is  no  cleavage,  and  it  is  very  tough  under  the  hammer. 
The  felspar  in  fig.  16  is  the  lightest  in  colour,  the  darkest  parts  being  iron- 
ores.  The  intermediate  shade  is  the  fresh  augite  in  which  the  felspars  ani 
embedded.  In  the  lower  right-hand  quadrant  two  crystals  of  altered  olivine 
are  seen. 

A  sample  of  stones  taken  from  the  road  shows  them  to  be  considerably 
rounded,  but  with  fairly  rough  surfaces.  The  removal  of  the  angles, 
through  wear,  surface  and  internal,  has  not  apparently  destroyed  the  rougli 
surfaces.     There  is  no  visible  sign  of  chemical  change. 

This  variety  of  dolerite  is  most  durable,  and  wears  well  under  all  con- 
ditions of  traffic  and  weather.  Under  traffic  in  wet  weather  it  produces  very 
little  mud,  and  is  considered  an  ideal  road-stone. 

The  road-stone  shown  in  fig.  16a  is  similar  to  the  above,  but  has  more 
decomposition-products.  Like  No.  16,  the  rock  is  a  good  example  of  the 
class  to  which  it  belongs,  both  as  regards  its  structure  and  the  character  of 
its  component  minerals.     It  has  been  likened  to  the  Glee  Hill  stone  No.  15. 

17.  Ophitic  Dolerite,  Geological  formation  Gn  Bd^. — This  rock  is 
similar  in  appearance  to  Nos.  16  and  16a,  but  coarser-grained.  The 
felspars  are  fresh,  and  in  places  ophitic  towards  an  abundant  augite. 
The  latter  mineral,  hoAvever,  is  much  altered  to  serpentine,  and  in 
every  case  veined  with  this  decomposition-product.  There  is  also  a  good 
deal  of  ilmenite  or  magnetite.  In  fig.  17  the  augite  is  so  much  darkened 
by  decomposition-products  as  to  be  hardly  distinguishable  in  many  places 
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fiom  the  opaque  iron-ores.  It  is  tough  under  the  hammer,  and  gives  a 
rough  fracture.  After  some  years  in  the  road  the  stones  are  considerably 
rounded  and  the  surfaces  smooth. 

The  wearing  qualities  of  this  stone  are  far  from  satisfactory;  the 
macadam  produces  large  quantities  of  mud  in  wet  and  dust  in  dry  weather. 
Except  on  hilly  roads,  it  has  been  practically  abandoned  as  a  material  for 
main  roads,  one  of  the  andesite  family  being  substituted. 

18.  Dolertte,*  Geological  formation  B.Ts^^ — This  rock  is  of  a  dark- 
grey  colour  without  olivine,  or  very  little,  with  a  fairly  rough  and  glistening 
fracture,  and  finer  in  texture  than  No.  16.  It  is  made  up  of  felspars  (fresh) 
of  the  usual  type,  embedded  ophitically  to  some  extent  in  a  very  much 
decomposed  augite.  This  mineral,  which  amounts  to  about  one-fifth  of  the 
balk  analysis,  is  changed  for  the  greater  part  into  a  cloudy  grey  substance, 
in  which  is  much  chlorite.    There  is  little  magnetite  or  ilmenite  present. 

like  the  preceding  road-stone,  this  dolerite  produces  much  mud  in  wet 
and  dust  in  dry  weather,  and  has  been  discarded  entirely,  owing  to  its 
inferior  wearing  qualities. 

It  is  much  used  for  kerbing,  channels,  etc.,  for  which  it  is  in  great 
demand,  and,  considering  the  abundance  of  decomposition-products,  gives 
satisfactory  results. 

19.  Quartzite, — This  is  a  compact  grey  stone,  with  slight  yellow  staining 
in  the  joints.  Under  the  microscope  the  elastic  or  fragmental  structure  is 
clearly  recognized;  the  round  quartz  grains,  which  are  often  1  mm.  in 
diameter,  lying  in  a  matrix  of  much  smaller,  angular,  and  rounded  pieces. 
All  the  grains  are  firmly  cemented  together  by  siliceous  materials,  containing 
a  little  mica  and  chlorite.  There  is  almost  no  felspar  in  the  rock;  the 
accessory  minerals  are  zircon  and  iron-oxides,  with  a  few  specks  of 
pyrites. 

The  quartz  grains  are  mostly  optically  simple,  and  may  have  come  from 
granitic  rocks ;  a  few  are  crushed,  and  may  have  been  derived  from  gneisses 
or  schists  of  the  metamorphic  group. 

Fig.  19  is  taken  by  ordinary  light  to  show  how  these  stones  appear  in 
thin  slices  without  the  polariscope,  the  two  sizes  of  grain  being  clearly 
distinguishable. 

126.  A  comparison  of  some  of  the  road-stones  contained  in  Table  XIII. 
may  be  given  in  regard  to  tlieii*  petrological  characters,  comparative  tough- 
ness as  ascertained  by  the  attrition  tests  (Table  XIV.),  and  some  observations 
of  the  actual  wear  of  these  stones.  There  are  many  other  excellent  rocks 
suitable  for  road-stones  occurring  in  various  parts  of  the  country,  but, 
for  obvious  reasons,  it  is  impossible  to  enumerate  them  here. 

•  Dyke  40  to  60  feet  wide,  extending  from  Glenfarg,  Perthshire,  through  Fife,  passing 
near  Anchtermuchty,  Monimail,  Letham,  East  Hall,  Cupar,  and  terminating,  to  all 
appeanmoe,  east  of  Prestonhall  farm  steading,  between  Cupar  and  Dairsie. 
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Glee  Hill  rock  (olivine  dolerite)  is  recognized  as  one  of  the  best  road- 
stones  in  England,  and  this  is  borne  out  by  the  attrition  test,  although  tiie 
texture  is  rather  coarse-grained.  The  average  loss  per  cent,  of  dust  is  7*22. 
The  ophitic  structure  and  the  comparatively  small  amount  of  decomposition- 
products  appear  to  give  this  stone  its  resistant  qualities.  . 

Road-stones  No.  16  and  16a  (ophitic  olivine  dolerite)  have  been 
likened  to  Glee  Hill  stone.  They  are  excellent  wearing  materials  under  all 
conditions  of  traffic  and  weather,  and  may  be  said  to  combine  the  qualities 
of  hardness  and  toughness  in  a  marked  degree.  They  do  not,  however, 
come  out  well  in  the  attrition  tests,  the  average  percentage  of  dust  being 
14*84,  or  nearly  double  that  in  the  case  of  the  Glee  Hill  stone.  The  per- 
centage of  dust  in  the  wet  test  is  abnormally  high,  and  would,  in  some  rooks 
at  least,  be  accounted  for  by  a  large  amount  of  decomposition-products  in 
the  stone ;  but  with  the  road-stone  in  question  (No.  16)  there  is  only  a  small 
proportion  of  olivine  altered  to  serpentine,  while  the  ophitic  structure  is  also 
in  its  favour.  This  road-stone  produces  very  little  mud  in  wet  weather,  and 
the  roads  are  comparatively  dustless  during  fine  weather. 

Boad-stone  No.  17  (ophitic  dolerite)  is  composed  of  practically  identi- 
cal characters  possessed  by  road-stone  No.  16,  which  has  a  perfectly  fresh 
and  unaltered  augite;  but  in  the  stone  in  question  (No.  17)  the  augite  is 
much  decomposed,  and  the  ophitic  structure,  an  all-important  feature  in 
this  group  of  rocks,  is  rendered  useless,  and  the  coherence  or  resisting 
properties  of  the  stone  are  therefore  lost.  It  produces  much  mud  in  wet 
and  dust  in  dry  weather.  It  is  therefore  not  exceptional  to  find  the  dust 
percentage  in  the  attrition  test  as  high  as  27*51.  This  stone,  formerly 
extensively  employed,  is  now  only  used  on  hilly  portions  of  roads  where 
the  subsoil  and  surface  drainage  are  good,  it  having  been  found  a  very 
unsatisfactory  material  on  level  stretches  of  roads. 

Road-stone  No.  7  (felsite)  is  a  peculiar  stone  in  many  respects.  It  is 
hard,  but  of  a  brittle  nature  under  certain  conditions,  and  practically  devoid 
of  toughness.  It  shows  a  dust  percentage  in  the  attrition  test  of  5*22  only, 
being  better  than  Glee  Hill  stone  in  this  respect,  and  producing  a  third  of  the 
quantity  of  dust  yielded  by  road-stone  No.  16.  The  large  amount  of  chips 
in  this  case  indicates  a  brittle  nature.  It  cannot  be  considered  in  any  way 
equal  to  road-stone  No.  16  in  durability,  although  in  damp  or  shady  places 
it  wears  very  well,  dampness  evidently  promoting  a  certain  degree  of  tough- 
ness, but  it  is  not  a  reliable  stone  on  exposed  or  on  hilly  roads.  Probably 
its  fine  grain  and  low  specific  gravity  have  something  to  do  with  the  small 
percentage  of  dust  in  this  test.  There  is  no  mud  produced  from  this  stone, 
the  detritus  being  a  fine  sand  of  fairly  good  cementitious  properties. 

Road-stone  No.  10  (andesite,  acid)  is  an  excellent  wearing  material  and 
of  a  durable  nature.  It  is  one  of  the  best  of  the  andesite  group  of  rocks  in 
Table  XIII. ;  not  so  good,  however,  as  No.  16,  but  more  satisfactory  than 
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load-stone  No.  7.  The  attrition  test  shows  its  comparative  toughness  as 
represented  by  an  average  dust  percentage  of  8*03.  This  road-stone 
is  capable  of  sustaining  heavy  traffic,  and  produces  very  little  mud 
or  dust. 

Road-stones  Nos.  11,  12,  and  161  are  good  wearing,  and  generally 
make  satisfactory  macadam.  There  is,  however,  flow-structure  in  these 
rocks  which  has  to  be  guarded  against  in  winning  the  material,  especially 
where  it  exists  in  a  marked  degree.  The  percentage  of  dust  averages  from 
5 '88  to  13*45,  which  is  considerably  larger  than  the  previous  road-stone,  and 
more  than  double  that  of  No.  7.  All  these  andesites  are  superior  to  road- 
stone  No.  7. 

Road-stone  No.  13  (andesite,  basic)  is  a  fairly  good  wearing  stone,  but 
produces  more  mud  and  dust  than  the  preceding  acid  andesites.  Flow- 
structure  occurs  in  this  rock  also,  and  the  augite  is  altered,  which  may 
account  for  its  higher  percentage  of  dust  in  the  attrition  test,  namely, 
15-68. 

Road-stone  No.  14  (olivine  basalt*),  formerly  understood  to  be  a  basic 
andesite,  has  not  of  late  proved  to  be  of  a  durable  nature.  Much  mud  is 
produced,  under  traffic,  in  wet  weather,  and  the  surface  of  road  wears  into 
cups  or  depressions,  producing  an  uneven  surface,  caused  by  irregular  wear. 
Probably  the  alteration-products  of  olivine  into  serpentine,  etc.,  are  more 
pronounced  than  formerly,  as  the  attrition  test  shows  an  average  percentage 
of  dust  of  13*60.  This  material  has  been  superseded;  road-stone  No.  161 
being  used  instead  with  satisfactory  results.  The  amount  of  dust  by 
attrition  test  shows,  in  the  latter,  an  average  of  12*57. 

Road-stone  No.  19  (quartzite)  shows  a  large  proportion  of  chips  in  the 
attrition  test,  and  is  probably  a  brittle  stone,  although  the  comparative 
toughness  stands  high,  the  average  percentage  of  dust  being  5*71. 

127.  Generally  the  attrition  tests  agree,  to  a  certain  extent,  with  the 
practical  experience  of  these  stones,  although  there  are  anomalous  results 
which  cannot  be  very  well  explained.  Beyond  doubt  road-stone  No.  16  is 
by  far  the  best,  and  similar  rocks  having  fresh  minerals  or  but  slightly  de- 
composed products.  The  andesites  come  next,  but  are  somewhat  variable  in 
durability,  and  fluxion-phenomena  may  account  for  this,  to  a  certain  extent ; 
then  follow  the  felsites  (No.  7).  Dolerites,  of  which  No.  17  is  an  example 
(there  are  many  quarries  producing  this  class  of  rock),  are  not  to  be 
recommended,  as  actual  experience  shows  that  the  amount  of  decomposition- 
products  present  detracts  from  their  durability,  while  their  mud-  and  dust- 
producing  proclivities,  as  may  be  imagined,  are  pronounced. 

It  may  be  mentioned  here  that  the  latter  description  of  road-stone  was 
much  used  in  East  Fife  many  years  ago,  previous  to  the  introduction  of 
steam-rollers.  The  material  was  rather  difficult  to  quarry  and  costly  to 
*  *'  Attrition  Tests  of  Road-making  Stones,"  vide  Surveyor,  10th  Nov.  1905. 
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break  into  macadam  ;  the  only  good  property,  if  it  could  be  so  considered, 
was  that  under  wheel  traffic  the  patches  of  stone  set  quickly  in  the  road  and 
required  little  attention  during  the  process  of  being  amalgamated  with  the 
old  surfaee.  Needless  to  say,  this  description  of  rock  is  now  used  only  to  a 
limited  extent,  and  that  principally  on  hilly  roads  contiguous  to  the 
respective  quarries.  The  andesites  and  such  rocks  as  that  described 
under  No.  16,  although  the  cost  for  haulage  is  greater,  are  now  extensively 
employed,  with  beneficial  results.  This  clearly  proves  that  ultimate  gain, 
both  in  efficiency  and  economy,  is  secured  by  using  a  better  class  of  stone. 
The  diminution  of  mud  and  dust  is  very  marked,  which  alone  deserves 
consideration. 

Attrition  tests  of  other  road-stones  are  given  in  Table  XIV.  for  comparison. 

128.  From  the  description  of  the  different  types  of  rock  for  road-making 
purposes,  and  a  study  of  the  typical  road-stones  mentioned  in  the  preceding 
pages,  it  is  evident  that,  without  a  petrological  examination  of  the  rock, 
the  selection  of  suitable  material  is  a  rather  complex  problem.  The 
choice  in  many  cases,  however,  frequently  lies  between  an  inferior  and 
cheaper  stone  close  at  hand  and  a  better  but  more  costly  one  brought  from 
a  distance.  Local  considerations,  therefore,  enter  into  the  question,  and  the 
relative  quality  of  the  available  rocks  proves,  in  most  instances,  that  the 
better  and  more  expensive  material  is,  ultimately,  the  more  economical. 
In  this  particular,  road  engineers  are  becoming  more  alive  to  the  absolute 
necessity  of  using  only  the  best  possible  road-stones,  taken  with  a  considera- 
tion of  the  varying  conditions  involved,  at  the  present  time,  in  road 
maintenance. 

The  nomenclature  given  by  many  quarry-masters  to  their  particular 
stone  should  be  guarded  against  as  very  misleading,  many  rocks,  such  as 
basalt,  dolerite,  etc.,  having  been  sold  as  granite,  probably  under  the 
mistaken  idea,  at  least  for  macadamizing  purposes,  that  it  was  supposed 
formerly  to  be  one  of  the  best  materiiils  for  road-making. 

129.  Mineralogical  GompoBition. — The  microscopical  examination  of 
road-stones  can  alone  reveal,  in  a  positive  manner,  the  component  minerals, 
the  structural  peculiarities,  and  mutual  relations  of  the  constituents.  These 
petrological  examinations  do  not  merely  involve  an  investigation  into  the 
composition  of  the  rock,  but,  in  a  manner,  its  history,  as  in  the  crystal- 
lization of  the  minerals,  intei^owths,  decomposition-products,  fluxion  phe- 
nomena, effects  of  fracture,  or  the  rock  structure  generally,  and  the  chemical 
stability  of  the  constituent  particles.  The  relative  abundance  of  the  essential 
and  accessory  minerals,  and  the  manner  of  consolidation  of  the  molten 
magmas,  especially  in  the  volcanic  group  of  rocks,  differ  materially  in 
character.  The  difference  in  coarseness  and  fineness  of  texture  is  caused 
by  the  peculiarities  in  the  mutual  arrangement  of  the  constituent  minerals 
under  the  diverse  conditions  of  consolidation. 
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180.  The  lotinded  condition  of  ^me  of  the  road-stones  examined  and 
mentioned  in  the  preceding  pages,  irrespective  of  the  group  of  rocks  to 
which  they  belong,  is  not  wholly  caused  by  legitimate  wear.  The  expansion 
of  water  in  freezing  often  does  damage  to  the  crust  of  a  road,  and  affects 
the  material  considerably.  Experience  shows,  however,  that  macadam  of 
a  hard  and  practically  non-absorbent  nature,  compared  with  those  road- 
stones  which  contain  a  large  proportion  of  decomposition-products,  is  not 
so  much  affected;  consequently  far  less  damage  is  caused.  Nevertheless, 
and  apart  from  a  certain  amount  of  wearing  of  the  angles  during  extremes 
of  weather,  or  internal  abrasion,  alternating  frost  and  thaw,  experienced  in 
many  counties  in  Scotland  during  the  winter  months,  and  especially  during 
the  month  of  February,  cause  great  damage,  and  also  permit  the  wheels  of 
vehicles  to  lick  up  the  stones,  thus  causing  disintegration.  It  is  not  an 
uncommon  experience  in  these  counties  to  have  showers  of  rain  succeeded 
by  frost  during  the  night  and  a  thaw  during  the  following  day.  At  this 
time  of  the  year  the  actinic  power  of  the  sim's  rays  is  such  that  the 
frozen  surface  is  thawed,  and  the  action  of  wheel  traffic  causes  the  stones 
to  be  lifted  out  of  position  and  scattered  about.  These  climatic  peculiarities 
often  continue  for  weeks  together — a  trying  ordeal  even  with  roads  made 
of  the  best  material  Only  the  highest  grade  road-stone  that  can  be 
procured  is  used  on  the  main  roads,  and  is  consolidated  with  binding  of  a 
sandy  nature ;  but  even  roads  coated  with  such  stones  suffer,  through  this 
cause,  comparatively  great  damage  at  times. 

On  roads  over  which  heavy  traffic  passes,  experience  proves  that  by  using 
the  best  material  for  repairs,  although  it  costs  more  than  a  local  stone  of 
inferior  quality,  the  ultimate  expenditure  will,  taking  all  the  varying  condi- 
tions into  consideration,  be  considerably  less  per  annum.  On  roads  which 
are  not  subjected  to  heavy  traffic,  metalling  of  a  less  durable  nature,  such 
as  flints,  hard  limestone  of  a  crystalline  appearance,  and  millstone  grit, 
may,  under  certain  conditions,  be  employed.  These  different  kinds  of 
material  make  very  smooth  and  pleasant  roads  for  light  traffic,  the  limestone, 
alone  or  in  combination  with  flints,  possessing  the  property  of  forming  a 
mortar-hke  detritus  which  binds  the  stones  together.  Excessive  moisture, 
however,  produces  much  mud,  necessitating  constant  cleaning,  while  during 
dry  weather  the  surface  is  covered  with  dust  and  is  liable  to  break  up. 
The  hardest  limestones,  often  designated  as  granite,  are  considered  in 
certain  localities  to  have  remarkable  wearing  properties,  imder  moderate 
traffic 

181.  In  France  the  Administration  des  Fonts  et  Chauss^es  has  adopted 
a  comparative  numerical  value  for  the  quality  of  the  materials  used  on  the 
national  roads.  This  scale  of  quality,  ranging  from  0  to  20,  has  been  formu- 
lated from  the  combined  results  of  experiments,  attrition  and  crushing  tests, 
together  with  the  estimated  quantity  of  materials  consumed  by  a  certain 
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amount  of  traffic.    The  following  is  a  list  of  the  chief  varieties  of  rock  used, 
with  the  quality  of  each  kind  expressed  numerically : — 


Table  XV. 

inisthre  des  Travaiix  Publics,  Routes  NattoncdeSy  189J 

Quality. 

Porphyry, varying  from  10  to  20 

Trap,    . 

..     16  „  20 

Basalt, . 

.1     10  „  19 

Quartzite,      . 

.1     11  ,1  19 

Gr^  QuartzoBe, 

.1     10  1,  20 

Flint,    . 

1*         II       8  II  19 

Quartz, 

„     10  „  18 

Serpentine,    . 

,1     12  „  18 

Melaphyr, 

II         II     16  II  17 

Diorite, 

II         II    18  ))  17 

Limestone,    . 

II         II      6  If  17 

Gneiss, 

II         II      5  ,,  17 

Granite, 

fi         II       8  „  16 

Millstone  grit, 

II         II      6  ,,  16 

Amphibolite, 

,1     11  M  16 

Schist,  . 

>  ■    < 

i>         II      8  ,,  15 

Mica  schist,  . 

it         »»       6  ,,  13 

Puddingstone, 

II          II       ^  II     8 

The  wide  variation  in  the  quality  of  rocks  classed  under  the  same 
name  is  interesting  and  instructive,  the  trap  rocks  16-20  being  the  best  in 
the  list.  It  is  noteworthy,  however,  that  flint  and  limestone  having  a 
value  of  9  and  11*12  respectively  are  by  far  the  most  commonly  used  on 
the  roads  in  that  country. 

132.  Experimental  research  into  the  properties  of  stones  used  in  road- 
making  is  of  the  utmost  importance  to  road  engineers  and  otliers  interested 
in  tlie  subject.  The  microscopical  examination  of  road-stones,  therefore, 
combined  with  attrition  tests  and  aided  by  the  behaviour  of  these  stones 
in  actual  use,  promises  to  solve  many  of  the  difficulties  which  beset  their 
selection ;  and  it  may  be  possible  in  the  immediate  future  to  fix  the  requisite 
properties  of  stones  used  with  greater  precision,  irrespective  of  the  group  of 
rocks  to  which  they  may  belong. 

With  this  end  in  view  it  is  interesting  to  note  that  the  results  of  petro- 
logical  examinations  of  the  properties  of  many  road-stones  from  all  parts  of 
the  kingdom,  including  many  specimens  from  the  Continent,  in  connection 
with  the  attrition  tests  of  these  stones  carried  out  by  Mr  E.  J.  Lovegrove, 
were  published  t  some  time  ago,  along  with  photo-micrographs  of  the  rocks. 
These  examinations  have  been  carried  out  by  the  petrographer  to  the 

*  Roads  and  Pavements  in  France^  by  Alfred  P.  Rockwell. 

t  Vide  Surveyor,  10th  Nov.  to  28th  Dec  1905,  inclusive,  and  The  Petrological  and 
AitrUion  Tests  of  Boad-making  Material,  £.  J.  Lovegrove,  St  Bride*s  Press,  London. 
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Geological  Surrey  of  Great  Britain,  and  present  much  valuable  information, 
which  should  be  studied  by  all  interested  in  such  matters.  Some  of  the 
conclusions  arrived  at  are  that  the  hardest  and  toughest  stones  combining 
abundance  of  a  hard  mineral,  namely,  quartz,  with  a  dense  fine-grained 
texture,  are  the  best.  Porosity  is  disadvantageous  in  a  good  road-stone. 
This  may  be  brought  about  by  rocks  having  a  ready  cleavage  or  formed 
of  soft  minerals.  Alteration  (molecular  rearrangement),  and  in  some 
instances  decomposition-products,  improve  the  stone,  but  the  reverse  may 
be  the  case. 

It  is,  however,  considered  premature,  at  the  present  juncture,  to  draw 
definite  conclusions  from  these  investigations,  more  especially  as  certain  groups 
of  rocks  have  been  poorly  represented  in  the  attrition  tests  referred  to. 

It  is  satisfactory  to  note  that  specimens  and  records  of  the  road-stones 
tested  and  examined  are  to  be  permanently  installed  in  the  Museum  of 
Practical  Geology,  London. 

133.  Rock  from  which  road-making  materials  are  produced  is  dis- 
tributed over  most  parts  in  the  British  Isles.  Many  quarries,  especially  in 
England,  where  reliable  material  is  obtained,  are  worked  on  a  large  scale 
and  supply  road-stones  of  different  gauge  to  the  surroimding  counties; 
such  as  Mountsorrel,  Clee  Hill,  Penmaenmawr,  and  many  others.  In 
Scotland,  apart  from  such  quarries  as  those  in  Aberdeenshire,  Kirkcudbright, 
Ben  Awe,  Fumess  (Loch  Fyne),  Kilsyth,  for  supplying  setts  and  kerbs,  etc., 
the  road-stone  quarries  are,  for  the  most  part,  worked  by  the  County 
Councirs  staff.  Bock-drilling  machines  are  in  use  in  most  counties,  and 
the  operations  have  resulted  in  both  economy  and  efficiency. 

In  Ireland  granite  is  largely  quarried  in  the  counties  of  Armagh, 
Down,  and  Wicklow,  while  basalt  and  whinstone  are  readily  obtained  and 
largely  made  use  of  for  road  purposes  in  the  counties  of  Antrim,  Donegal, 
Down,  Londonderry,  and  Tyrone,  limestone  forming  one-half  of  the  material 
used  for  macadam. 

As  bearing  on  the  subject  of  supply  and  demand  for  cheap  and 
durable  materials  for  macadamizing  roads  and  paving  streets,  it  seems  strange 
that,  with  an  abundant  supply  of  suitable  rock  for  the  purpose,  this  country, 
especially  the  counties  on  the  south  and  east  coasts,  is  still  threatened  with 
competition  of  a  permanent  nature  for  supplying  these  materials  from  France, 
Germany,  Belgium,  and  Norway.  As  a  matter  of  fact,  large  quantities  of 
Belgian  and  Norwegian  macadam  and  paving-setts  are  annually  imported 
into  this  country  which,  no  doubt,  are  of  good  quality,  while  the  price  per 
cubic  yard  or  ton  is  considerably  less  than  for  similar  material  from 
Mountsorrel  and  other  quarries  in  Leicestershire.  The  Norwegian  quarries 
un<loubtedly  possess  better  natural  advantages,  and  workmen's  wages  are  much 
less  than  in  this  country.  The  effect  of  railway  carriage  on  the  price  of  these 
materials  ako  seriously  threatens  the  stone  industry  of  certain  counties  in 
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this  country,  and  any  means  by  which  the  cost  of  land  carriage  can  be 
lessened  and  working  expenses  reduced  in  the  production  of  paving-setts, 
and  macadam  for  making  and  maintaining  roads,  should  be  carefully 
studied.  Therefore,  any  expedient  by  which  retrenchment^  however  small, 
is  possible,  should  be  practised,  by  the  judicious  employment  of  modem 
plant  and  machinery  for  manipulating  and  transporting  the  material,  and 
this  would,  no  doubt,  result  in  large  sums  of  money  being  saved. 

It  is  estimated  that  2^  million  tons  of  material  are  used  annually  for 
road-stone  and  paving  in  these  islands,  the  cost  of  the  quarried  rock  alone 
amounting  to  about  £130,000,  while  the  value  of  the  finished  material  is 
over  half  a  million  sterling. 


CHAPTER   V. 


QUARRYING. 


134.  In  the  preceding  chapter  the  quality  of  the  rock  necessary  for  pre- 
paring road  metalling  and  paving  setts  has  been  explained.  The  methods 
of  procnring  or  quarrying  the  material  will  now  be  described,  while  the  cost 
of  the  operations,  depending  on  many  considerations,  will  be  entered  into 
in  detail 

The  igneous  rocks  are  found  in  irregular  masses  and  dykes,  having 
innumerable  'backs,'  or  natural  veins  and  fissures,  interspersed  through 
the  mass,  which  facilitate  its  detachment  from  the  parent  rock ;  these  rock 
masses  exist  to  a  depth  practically  limitless. 

185.  Opening  New  Qaanies;  Drainage;  Gravitation. — In  opening  a 
new  quarry  the  rock  mass  should  be  carefully  examined  with  a  view  to  taking 
advantage  of  the  inclination  of  the  bed  joints,  which,  for  economical  quarry- 
ing, should  dip  towards  the  working  face.  The  drainage  of  a  quarry  is  also 
of  great  importance,  and  the  floor  level  should,  when  practicable,  be 
arranged  so  that  the  water  can  bo  drained  from  the  working  face  by 
gravitation.  The  depth  of  the  *  tirr '  or  overburden  to  be  removed  enters 
largely  into  the  question  of  selection,  and  the  amount  of  stripping  necessary 
for  a  certain  depth  of  rock  face  will  in  most  cases  determine  the  site  of 
a  quarry.  When  the  overburden  is  deep,  or  forms  a  large  proportion  to 
the  actual  quantity  of  rock  quarried,  the  cost  of  winning  the  stone  will  be 
correspondingly  high.  Gravitation,  besides  affording  drainage  facilities, 
assists  to  a  considerable  extent  the  process  of  quarrying  and  the  removal 
of  the  material  to  the  respective  points  at  which  it  is  to  be  treated,  such 
as  dressing-sheds  and  stone-breaking  machines.  By  this  means  un- 
necessary handling  is  avoided,  and  economy  promoted  in  carrying  on  the 
operations. 

It  is  sometimes  necessary,  in  order  to  secure  the  best  quality  of  rock,  as 

well  as  to  limit  the  extent  of  the  ground  occupied,  and  also  to  economize 

stripping,  for  a  quarry  to  be  worked  to  a  considerable  depth  below  the 

natural  surface.     This  at  times  may  entail  an  expenditure  for  pumping 

water,  in  order  to  keep  the  floor  of  the  quarry  dry,  while  the  lifting  or 
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removal  of  the  quarried  material  by  mechanical  means  in  the  form  of 
cranes  and  aerial  cableways  becomes  necessary. 

136.  Tirring  or  Stripping. — The  tirring  or  stripping  may  be  removed 
as  necessity  arises,  or,  as  in  the  case  where  the  quarries  are  worked  under 
County  Councils  directly,  it  may  be  accomplished  by  the  roadmen  during 
frost,  when  their  services  can  be  spared  from  the  ordinary  road  work. 

The  earth  removed  should  be  deposited  at  a  point  not  likely  to  interfere 
with  the  future  working  of  the  quarry.  Attention  to  this  matter  will  save 
a  considerable  amount  of  trouble  and  unnecessary  expense  in  lifting  it  again 
at  some  future  time.  The  overburden,  when  of  a  tenacious  nature,  or  when 
it  is  frozen,  may  be  advantageously  broken  up  by  sinking  a  few  holes 
from  2  to  5  feet  in  depth,  and  charging  them  with  some  high-grade 
explosive ;  on  this  being  exploded  the  ground  will  be  sufficiently  broken 
up  to  ensure  its  easy  removal. 

137.  The  simplest  method  of  quarrying  is  that  by  which  the  material  can 
be  removed  from  the  parent  mass  by  picks,  wedges,  and  levers.  This  is, 
however,  only  possible  in  certain  quarries,  which  are  by  no  means  numerous, 
and  recourse  must  usually  be  had  to  drilling  and  blasting. 

Hand-drilling  or  Boring. — ^The  boring  or  drilling  of  holes  by  manual 
labour,  or,  as  it  is  termed,  hand-drilling,  is  generally  effected  by  either 
single  or  double-hand  operations.  The  jumpers,  or  boring-tools,  are  for  the 
most  part  now  made  from  cast  steel  bars  of  octagonal  section,  supplanting 
those  formerly  in  use  made  from  round  iron  bars  with  steeled  cutting  edges. 
The  cutting  edge  of  the  tool  may  vary  in  width  from  1  to  4  inches,  the 
stocks  being  of  a  somewhat  less  diameter,  so  as  to  enable  the  tool  to  free 
itself  readily  in  the  bore-hole ;  this  also  avoids  the  introduction  of  any 
unnecessary  weight  into  the  jumpers. 

For  instance,  a  boring-tool  having  a  cutting  edge  of  1  inch  in  width  is 
made  from  a  steel  bar  |ths  of  an  inch  in  diameter,  while  ^inch  bars  are 
selected  to  make  a  boring-tool  with  1^-inch  cutting  edge,  and  so  on  in  a 
similar  proportion  to  tools  or  jumpers  for  boring  a  2i-  or  3-inch  hole,  which 
are  manufactured  from  bars  of  1  §  inch  in  diameter.  The  cutting  edge  of  the 
tool  may  be  made  straight  or  slightly  curved  for  hand-boring ;  the  straight 
cutting  edge,  although  working  more  freely  than  those  of  the  curved  form, 
is  somewhat  weaker  at  the  corners,  and  consequently  liable  to  fracture. 

Hand-drills  and  Jumpers. — The  straight  and  curved  cutting  edges 
are  shown  in  figs.  47  and  48,  while  fig.  49  represents  a  section  of  the  chisel 
point,  the  sides  of  which  should  not  form  a  greater  angle  than  70  degrees. 

The  steel  bars  from  which  boring-tools  are  made  are  generally  cut 
into  varying  lengths  as  may  be  desired ;  the  tools  for  boring  holes  of  the 
smallest  diameter  are  from  18  to  20  inches  long,  while  those  for  boring 
holes  of  greater  diameter  may  vary  from  42  inches  up  to  6  or  7  feet  in 
length.     A  blow  given  to  a  jumper  is  more  effective  the  shorter  the  bar, 
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iMDoa  it  is  R  common  practice  to  make  use  of  a  number  of  toola,  each 
BQcceeding  one  being  somewhat  longer,  while  at  the  same  time  the  cutting 
edge  is  slightly  reduced  in  width.  The  actual  diameter  of  the  hole  drilled 
is  somewhat  greater  than  that  of  the  boring-tool. 

The  strihii^  face  of  the  Bt«el  or  stock  ehonld  be  flat,  and  in  the  larger 
siies  the  diameter  of  the  head  is  made  less  than  that  of  the  stock. 

Hardening  and  Tempering  Hgnd-drilla. — The  fo^ng  and  harden- 
ing of  boring  or  drill-bits  are  operations  requiring  much  skill  on  the  part 


Fios.  47,  iS,  iS.— Boring-tooU 


of  the  smith,  bo  u  to  avoid  the  cutting  edge  and  lower  portion  of  the 
stock  being  '  burnt,'  or  the  formation  of  '  water  cracks ' ;  and  in  tempering 
it  is  advinble,  in  order  to  obtain  the  best  results,  to  let  down  the  ateel  to 
a  bright  straw  yellow. 

138.  Haoimera  and  Sledges. — Hammers  or  sledges  of  cast  steel  are  made 
of  varying  weights,  according  to  whether  the  drilling  is  to  be  performed 
by  the  single-hand  or  the  double-hand  method.  These  vary  considerably 
in  shape  according  to  the  ideas  and  customs  of  the  workmen  in  the  different 
localitieB  where  qnanying  operations  are  carried  on.  The  weight  of  hammers 
for  single-hand  boring  is  generally  about  4J  lbs.,  and  as  the  expreaaion 
implies,  one  man  in  a  sitting  position  performs  the  whole  operation  by 
manipulating  both  tool  and  hammer.  For  double-hand  drilling  the  sledge 
may  be  as  heavy  as  10  lbs.,  the  shaft  or  belre,  generally  30  inches  long, 
being  made  of  a  wood  having  some  elasticity,  such  as  hickory,  young  oak,  or 
acacia ;  ssh  is  also  mnch  used  for  the  shafts  or  handles  of  quarry  tools. 

tSB.  Starting  a  Bore-hole.  Single-  or  SonMe-hand  DriUing.— The 
first  step  necessary  in  commencing  drillii^,  after  the  tirring  or  stripping 
has  been  accomplished,  is  to  Gz  the  position  of  the  bore-hole  for  blasting  in 
the  most  advantageous  manner,  regard  being  had  to  the  natural  veins  and 
fissures  of  the  rock  as  a  means  of  facilitating  its  detachment  from  the 
parent  mass.  It  is  necessary  to  remove  any  loose  pieces  of  rock  and 
prepare  the  surface  by  chipping,  so  that  it  may  be  nearly  at  right  angles 
to  the  direction  of  the  intended  bore-hole.  Double-hsnd  drilling  is  some- 
times performed  by  two  men  ;  one,  sitting  on  the  rock,  guides  and  turns  the 
jumper  with  one  hand,  and  strikes,  by  means  of  a  light  hammer,  alternate 
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blows,  the  other  blows  being  delivered  by  a  second  man  using  a  heavy 
hammer  or  sledge.  The  usual,  and  at  the  same  time  most  satisfactory  method, 
is  for  three  men  to  do  the  work.  One  man  takes  up  a  sitting  position  and 
holds  the  drill  vertically  between  his  knees,  keeping  it  in  proper  position, 
and  turning  it  partly  round,  while  the  other  two  men  strike  the  head  of  the 
boring-bar  with  sledges,  lightly  at  first,  and  increasing  the  force  of  the 
blow  after  the  bit  has  fairly  entered  the  rock.  The  degree  of  turn  necessary 
to  be  given  in  drilling  is  one-eighth  of  a  revolution,  which  prevents  the 
cutting  edge  falling  twice  in  the  same  place ;  by  this  means  the  greatest 
amount  of  work  is  accomplished,  and  a  circular  form  of  bore-hole  is  ensured. 

By  using  water  in  the  bore-hole  the  drilling  is  greatly  facilitated,  the 
time  being  reduced  by  one-third ;  it  also  keeps  the  cutting  edge  cool,  and 
converts  the  dust  and  chippicgs  in  the  bottom  of  the  hole  into  sludge,  which 
must  be  cleaned  out  by  means  of  a  'scraper'  from  time  to  time  as  it 
accumulates.  In  very  hard  rock  a  drill  may  have  to  be  changed  frequently, 
which  necessitates  the  use  of  several  of  about  the  same  length;  and 
these  should  always  be  in  good  order  and  near  at  hand.  The  depth  to 
which  the  bore-holes  are  drilled  by  the  double-hand  method  is  generally 
from  6  to  6  feet,  sometimes  8  feet ;  for  greater  depths  up  to  10  feet  chum- 
drilling  is  resorted  to  when  the  nature  of  the  rock  admits  of  this  being  done. 

140.  Ohnm-drilling. — The  drilling-bar  or  steel  for  this  method  of  boring 
has  a  cutting  edge  of  different  width  at  either  end  of  the  stock,  the  blow 
given  to  the  rock  being  obtained  by  the  direct  impact  of  the  falling  drill, 
which  is  raised  by  two  men  to  a  height  of  about  one  foot,  and  then  allowed 
to  drop.    In  long  boring-tools  a  sufficient  weight  for  the  purpose  is  generally 
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contained  in  the  steel  stock,  but  additional  weight  may  be  obtained  if 
necessary  by  having  a  bead  or  swelling  fixed  on  the  stock  between,  but  at 
unequal  distances  from,  the  extremities,  as  shown  in  fig.  50. 

The  water  which  is  poured  into  the  bore-hole  to  facilitate  the  penetra- 
tion of  the  bit  into  the  rock  is  prevented  from  splashing  about,  particularly 
in  shallow  holes,  by  placing  a  perforated  leather  or  india-rubber  washer  on 
the  shank  of  the  drill  at  the  surface  level  of  the  rock.  This  object  may 
also  be  accomplished  by  winding  straw  roimd  the  steel,  which  should  be 
fixed  as  in  the  case  of  the  washer. 

The  sludge  formed  during  the  process  of  drilling  must  be  removed  from 
time  to  time  as  the  depth  of  the  bore-hole  advances,  since  the  oftener  this  is 
done  the  greater  will  be  the  amount  of  drilling  performed  in  a  given  time.  The 
rock  being  exposed  to  the  action  of  the  cutting  edge  of  the  tool  and  the  full 
effect  of  the  blows  transmitted  to  it  by  the  jumper,  will  not  be  cushioned^  as 
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it  would  be  in  the  case  where  the  sludge  is  lying  between  the  bottom  of  the 
hole  and  the  edge  of  the  boring-tool.  The  cleaning  out  of  the  bore-holes, 
when  not  too  deep,  is  effected  by  a  simple  tool  called  a  SGraper,  which 
consists  of  a  rod  of  iron  varying  from  ^  to  ^  inch  in  thickness,  and  of  a 
soffident  length  to  reach  the  bottom  of  the  holes.  It  is  provided  with  a  disc 
attached  at  each  end  of  the  rod  of  different  diameter,  so  as  to  make  it  suitable 
for  the  various  sizes  of  holes  bored.  Instead  of  having  discs  at  either  end, 
cue  of  these  is  sometimes  formed  with  a  spiral  hook  or  drag-twid,  which  is 
very  useful,  as,  by  attaching  a  wisp  of  hay  to  it,  the  bore-hole  can  be 
thoroughly  wiped  dry  previous  to  charging. 

141.  In  the  event  of  the  shank  of  a  drilling-tool  or  jumper  being  broken 
by  some  cause  or  other  while  boring  operations  are  in  progress,  the  portion 
left  in  the  bore-hole  may  be  recovered  by  various  means.  The  simplest 
way  of  accomplishing  this  is  to  guide  a  running  noose  of  cord  by  the  aid 
of  a  second  drill  on  to  the  broken  one,  and  pull  the  noose  tight,  when  the 
portion  of  the  drilling-steel  left  in  the  bore-hole  can  be  drawn  out.  Tongs 
having  an  arrangement  attached  for  tightening  the  legs  so  as  to  grip  the 
steel  firmly  are  also  sometimes  employed  for  this  purpose;  while  another 
instrument  called  a  beehe,  made  of  iron,  and  having  a  hole  at  the  lower 
end  of  a  slightly  conical  shape,  which  fits  on  to  the  top  of  the  broken  steel, 
is  at  times  made  use  of  for  the  same  purpose. 

142.  If,  as  often  happens  in  many  quarries  from  which  road  material  is 
taken,  water  finds  its  way  through  fissures  into  the  bore-hole,  it  becomes 
necessary  to  line  it  with  clay  when  the  explosive  agent  employed  is  blasting 
powder. 

This  is  performed  by  putting  the  clay  into  the  bore-hole  in  a  plastic 
state,  inserting  an  iron  tool  slightly  less  in  diameter  than  the  hole,  and 
pointed  at  one  end,  called  a  brill,  and  by  repeated  blows  forcing  the  clay 
into  the  joints  and  crevices  of  the  rock.  This  instrument,  which  at  one 
time  formed  an  important  part  in  a  set  of  '  blasting  gear,'  has  now  become 
of  less  importance  by  the  introduction  of  waterproof  cartridges  containing 
gunpowder,  and  the  nitro-glycerine  and  gelatinous  compounds,  which  are 
now  much  used  in  blasting  operations. 

143.  Amount  of  Work  accomplished  by  Hand-boring  or  Manual 
Labour. — ^The  amount  of  drilling  or  the  depth  of  holes  which  can  be  accom- 
plished in  one  day  will  greatly  depend  on  the  hardness  of  the  rock  and  the 
size  of  the  drilling-tool  used.  Joints  and  fissures  when  lying  at  an  angle  to 
the  direction  of  the  bore-hole  give  considerable  trouble,  and  much  time  is 
consequently  lost,  reducing  the  amount  of  work  below  what  could  otherwise 
be  accomplished  under  more  favourable  circumstances.  For  this  reason  it  is 
advisable  to  select  the  best  possible  position  for  the  bore -hole,  while  at  the 
same  time  due  consideration  must  be  given  to  its  position  and  direction  in 
relation  to  the  portion  of  rock  which  is  to  be  dislodged  from  the  parent  mass. 
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The  amoTUit  of  drilling  which  can  be  accomplished  by  hand,  in  the 
different  classes  of  rock  nsed  for  road  purposes,  Taries  considerably  according 
to  cireumstances. 

The  method  of  calcnlating  and  stating  the  actual  amount  of  drilling  per- 
formed will  be  given  in  cylindrical  inches^  which  is  particularly  applicable  to 
open  quarry  work.  This  system  of  computing  the  amount  of  work  done  will 
also  be  adopted  in  determining  that  performed  by  machine  rock  drills,  which 
will  be  described  later  on.  The  cylindrical  inch  has  a  relative  value,  and  the 
use  of  the  term  is  preferable  when  making  a  comparison  of  the  amount  of 
work  done  and  the  cost  of  the  operation,  than  by  simply  stating  the  number  of 
inches  or  feet  in  depth  drilled  each  day.  Under  the  latter  circumstances  no 
comparison  is  possible,  as  the  width  of  the  bit  or  size  of  the  borehole  may 
vary  considerably  according  to  the  depth  drilled,  while  the  length  of  the 
working  day  is  at  times  a  variable  factor  in  quarrying  operations. 

Therefore,  by  adopting  this  numerical  figure  as  a  standard  for  the 
amount  of  work  performed  in  a  given  time,  a  comparison  can  be  more 
readily  arrived  at  between  drilling  by  manual  labour  on  the  one  hand,  and 
that  accomplished  by  a  machine  rock  drill  on  the  other,  while  the  drilling 
capacity  of  the  different  types  of  the  latter  can  also,  by  this  means,  be  easily 
ascertained. 

In  Table  XYI.  the  average  amount  of  work  performed  by  hand  drilling 
is  stated  in  accordance  with  the  preceding  particulars.  As  the  length  of  a 
day,  however,  is  a  somewhat  vague  definition  of  time,  more  especially  when 
the  working  hours  are  interfered  with  by  stress  of  weather,  or  shortened 
during  the  winter  months,  the  hour  is  adopted  from  which  a  day's  work  of 
any  specified  number  of  hours  can  be  calculated.  The  figures  are  taken 
from  the  results  of  actual  experience  under  varying  conditions,  time  being 
allowed  for  cleaning  out  holes  and  resting. 


Table  XVI. 

Rock  Drilling  by  hand :  one  man  manipulating  the  drills  two  men 
striking  with  sledges.     Bore  holes  vertical  downwards. 


Cylindrical  Inches. 

Per  Hoar. 

7  Hours  Day. 

10  Hoars  Day. 

No.  1. 

No.  2. 

No.  8. 

In  graDite, 

,,  Basalt, 

,,  whlnstonc 

,,  limestone  (monntaln), 

16 
19 
21 
28 

112 
188 
147 
196 

160 
190 
210 
280 
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The  depth  of  a  bore-hole  in  inches,  drilled  in  an  hour's  time,  may  be 
found  by  dividing  the  figures  given  in  column  No.  1  by  the  square  of  the 
diameter  in  inches  of  the  drilling-bit  used.  For  horizontal  or  breast-holes 
the  amount  stated  in  Table  XYI.  will  be  less  by  about  30  per  cent.  It 
should  also  be  mentioned  that  the  figures  in  the  table  are  calculated  for  bits 
capable  of  drilling  a  bore-hole  of  an  average  diameter  of  1^  inch;  for 
shallow  bore-holes  of  a  less  diameter,  and  which  are  at  times  required,  the 
amount  will  be  slightly  in  excess  of  the  figures  given. 

144.  CkMrt  of  Hand-bdring. — To  arrive  at  the  cost  of  drilling  per  foot  of 
depth  with  drills  of  varying  diameters  the  cost  of  labour  and  incidental 
expenses  require  to  be  determined.  Taking  the  average  wages  at  3s.  8d.  for 
each  man  per  day  of  nine  hours,  and  allowing  2d.  per  foot  of  depth  for 
aharpeniog  the  bits  on  the  harder  rocks,  loss  of  weight  in  steel,  repairs  to 
hammers  and  sledges,  etc.,  amounting  to  say  Is.,  12s.  will  be  the  total  cost 
for  each  day's  work  of  one  squad  of  drillers. 

The  cost  of  drilling  one  foot  in  depth  with  bits  of  different  sizes,  taking 
128.  as  the  actual  cost  per  day  of  nine  hours,  or  rather  over  Is.  4d.  per 
hour,  is  shown  in  the  following  table,  which  may  be  taken  as  a  broad 
average. 

Table  XVIL 

OomparaHve  Statement  of  the  cost  of  drilling  by  hand  per  foot 
in  depth  with  drilling-bite  of  varying  sizes. 


Diameter  of  Bore-holes  in  Inches  (average). 

liin. 

l|in. 

2  m. 

2iin. 

Sin. 

Granite,  cost  per  foot. 
Basalt,             „                 ... 
WhiDttone,     „                ... 
lameitone,      ,.                ... 

8,    d. 
1    6 
1     3 
1     2 
0  10| 

8,    d. 
1     9 
1     6 
1     4 
1     0 

8,    d. 
2    0 
1     8 
1     6 
1     2i 

8,    d. 
2    6 
2    1 
1  11 
1     6 

8.    d. 
3    0 
2    6 
2    8 
1     9i 

Should  the  total  wages  per  day  be  more  or  less  than  that  mentioned, 
then  the  figures  in  the  table  must  be  correspondingly  increased  or  reduced, 
on  the  assumption  that  the  same  amount  of  work  is  performed. 

When  the  nature  of  the  rock  permits  of  the  bore-holes  being  put  in  by 
means  of  a  chum-drill,  the  cost  per  foot,  after  the  first  18  or  24  inches,  can, 
by  this  method  of  drilling,  be  accomplished  for  about  20  to  25  per  cent,  less 
than  the  cost  per  foot  stated  in  the  table  above. 

145.  The  remarkable  advance  made  in  recent  years  in  the  construction 
of  mechanical  rock  drills  is  such  that  the  practice  of  hand-boring,  the  only 
method  of  former  days,  has  been  to  a  great  extent  superseded. 
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The  practical  advantages  accruing  from  the  use  of  rock-drilling  machines 
in  quarrying  operations  are  decidedly  great,  while  the  rate  of  progress  made 
possible  by  their  use  has  been  the  means  of  reducing  the  cost  of  production, 
and  greatly  extending  work  in  connection  with  the  stone  industry. 

This  applies  very  particularly  to  the  quarrying  of  material  for  macadam- 
izing purposes ;  and  the  substitution  of  mechanical  power  for  hand  labour 
in  accomplishing  this  has  been  very  marked  in  recent  years,  while  the 
economy  effected  by  its  use  enables  the  quantity  of  material  for  repairs 
amounting  to  double  that  possible  by  hand-boring  to  be  procured  for  the 
same  expenditure.  In  other  words,  the  economy  effected,  on  any  quantity 
of  material  quarried,  is  60  per  cent  by  machine  over  what  can  be  accom- 
plished by  hand-drilling  and  the  attendant  expenses  of  blasting. 

Machine  rock  drills  are  applied  in  a  variety  of  ways,  according  to  the 
work  required  of  them ;  the  arrangement  with  a  tripod  for  its  support  will 
alone  be  described,  as  it  is  the  only  form  employed  in  boring  rock  from 
which  the  material  for  making  and  repairing  roads  and  streets  is  obtained. 

Machine  rock  drills  are  actuated  in  the  same  way  as  the  drills  used  in 
hand  drilling,  namely,  by  a  succession  of  blows  given  to  a  chisel-pointed 
tool  which  is  partially  turned  round  between  each  blow  as  already  described, 
and  known  as  percussive  boring. 

Hand-power  Drilling  Macbiiies. — Hand-power  drilling  machines  have 
been  employed  to  a  limited  extent;  they  are  operated  by  two  or  tliree 
men  turning  a  handle  and  flywheel  conveying  to  the  mechanism  the  neces- 
sary power  to  cause  the  drilling-bit  to  strike  two  or  three  blows  on  the  rock 
for  each  turn  of  the  handle.  In  this  class  of  machine  the  force  of  the  blow 
is  limited,  while  a  considerable  amount  of  power  is  absorbed  by  the  machine 
itself  through  the  friction  of  its  working  parts.  As  a  machine  does  not 
create  power,  a  hand-power  boring  machine  must  be  lacking  in  efficiency  and 
economy.  Although  machines  of  this  particular  class  have  not  attained  a 
high  reputation,  still  they  may  be  regarded  as  the  first  step  in  the  transition 
from  hand  to  machine  drilling.  There  can  be  no  doubt  that  the  Sommeiller 
drilling  machine  used  for  piercing  the  rock  during  the  construction  of  the 
Mont  Cenis  Tunnel  is  the  prototype  of  the  rock  driUs  now  in  use. 

146.  Different  Types  and  Bequirements  of  a  Bock-drilling  Machine. 
— ^The  numerous  types  of  machine  rock  drills  in  use  at  the  present  time  vary 
in  many  particulars,  but  chiefly  in  the  details  of  construction  rather  than  in 
the  principle  on  which  they  work.  Durability  is  of  great  importance  in  a 
rock  drill ;  any  defect  in  the  principle  of  the  mechanism  or  construction  of 
the  parts  subjected  to  considerable  strain  materially  affects  the  working 
expenses.  The  weight  should  be  reduced  where  not  necessary  for  efficiency 
and  the  fitting  of  the  working  parts,  an  important  element  which  may, 
if  not  properly  designed  and  manufactured,  involve  the  outlay  of  consider- 
able expenditure  for  repairs.     Great  strength  in  certain  pai-ts  of  rock  drills 
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is  essential,  considering  the  rough  us^e  they  are  sometimes  subjected  to, 
while  lightness  for  the  sake  of  portability  has  also  to  be  considered. 

The  requirements  of  a  good  machine  rock  drill  are  given  concisely  by 
Andr^  in  his  work  on  Coed  Mining^  and  are  as  follows : — 

1.  A  machine  rock  drill  should  bo  simple  in  construction,  and  strong  in 

every  part. 

2.  It  should  consist  of  few  parts,  and  especially  of  few  working  parts. 

3.  It  should  be  as  light  in  weight  as  can  be  made  consistent  with  the  first 

condition. 

4.  It  should  occupy  but  little  space. 

5.  The  striking  part  should  be  relatively  of  great  weight,  and  should 

strike  the  rock  directly. 

6.  No  other  part  than  the  piston  should  be  exposed  to  violent  shocksy 

7.  The  length  of  piston  stroke  should  be  capable  of  variation. 

8.  The  sudden  removal  of  the  resistance  should  not  be  liable  to  cause 

any  injury  to  any  part. 

9.  The  rotary  motion  of  the  drill  should  take  place  automatically. 

10.  The  feed,  if  automatic,  should  bo  regulated  by  the  advance  of  the 
piston  as  the  cutting  advances. 

147.  Tappet  Drills. — From  these  exacting  and  admittedly  necessary 
requirements  it  is  evident  that  the  movement  of  a  valve  actuated  by  a  tappet 
situated  in  the  cylinder  of  a  drill  does  not  conform  with  these  rules,  since 
two  parts  are  subjected  to  violent  shocks,  namely,  the  piston  and  the  tappet ; 
moreover,  the  latter  is  liable  to  abnormal  wear.  Another  defect  which  is 
invariably  present  in  rock  drills  having  a  tappet-actuated  valve  motion,  is  that 
the  blow  is  struck  on  a  cushion  of  air  or  steam.  No  doubt  this  may  occur 
only  to  a  limited  extent  if  the  drill  operator  is  capable  of  judging  the  actual 
length  of  stroke,  a  qualification  rarely  met  with  in  practice ;  while,  on  the 
contrary,  there  must  bo  considerable  cushioning.  When  this  is  the  case  the 
drill  is  expending  the  motive  power  on  itself  instead  of  on  the  rock. 
Tappets,  especially  those  made  of  the  double  form,  are  liable  to  failure 
through  fracture  or  displacement ;  it  is  therefore  undesirable  to  use  drills 
constructed  on  this  principle  at  a  high  piston  speed,  and  consequently  they 
are  not  expeditious  cutters. 

The  tappet  drill,  however,  has  a  slight  advantage  over  drills  with  steam- 
thrown  valves,  especially  when  the  steam  is  wet,  or  where  by  accident  any 
foreign  matter  gains  access  to  the  working  parts,  the  large  openings  in  this 
class  of  drilling  machines  being  capable  of  discharging  these  without  injury  to 
the  valve.    A  tappet  drill  with  these  defects  is  not  a  perfect  working  machine. 

148.  Rock  Drillfi  with  Steam-thrown  Valves. — Those  machines  which 
have  steam-thrown  valves  with  a  positive  action  present  the  best  form  of 
construction,  as  only  one  part^  and  that  part  the  piston,  is  subjected  to  violent 
shocks.     Most  of  the  earlier  types  of  rock  drills,  and  a  large  number  at 
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present  in  use,  are  distingoisbed  by  baving  a  tappet-actuated  valve,  and,  as 
migbt  bave  been  expected,  tbe  improvement  in  tbe  valves  of  rock-drilling 
machines  bas  tended  in  tbe  direction  of  steam  or  air-thrown  valves.  Many 
other  essential  features  will  be  noticed  later  on. 

149.  Some  Types  of  Drills  used  in  this  country. — For  obvious  reasons 
it  would  be  impossible  to  attempt  a  description  of  the  numerous  forms  of 
rock  drills  constructed  and  made  use  of  in  this  and  other  countries,  although 
many,  no  doubt,  possess  points  of  considerable  merit.  Of  the  many  rock 
drills  in  use  may  be  mentioned  the  *  Sergeant,'  *  Hirnant,'  *  New  Ingersoll,' 
*Rio  Tinto,'  'Cornish,'  *Daw,'  'Murdoch,'  'Optimus,'  'Champion,' 
'Climax,'  'Adelaide,'  and  a  few  types  of  electrical  and  hydraulic  power 
drills.  Many  of  these  are  working  in  various  districts  in  the  British  Isles 
with  marked  success;  the  first  two,  however,  will  only  be  described  in 
detail.  The  Ingersoll-Sergeant  is  much  used  in  quarries  for  producing 
road  material ;  it  is  also  used  along  with  the  Hirnant  and  some  of  the 
other  types  mentioned  by  contractors  on  public  works. 

The  Ingersoll-Kand  Company  also  make  the  '  Little  Jap '  Hammer  Drill 
for  light  work,  such  as  plug-holes ;  they  are  placing  on  the  market  a  new 
form  of  drill  to  be  known  as  the  '  Electro-pneumatic '  Drill. 

150.  'Sergeant'  Bock  Drill. — The  ' Ingersoll-Sergeant '  or  Sergeant 
rock  drill  with  auxiliary  valve,  is  a  development  of  the  '  Ingersoll '  and  the 
'  Ingersoll  Eclipse '  drills,  and  has  been  designed  for  boring  hard  rock.  The 
general  construction  and  working  parts  are  shown  in  longitudinal  section  in 
fig.  51.  The  main  valve  a  is  made  of  one  piece  in  the  form  of  a  small 
double  piston  with  two  wide  annular  grooves  turned  in  it  to  admit  the  steam 
or  compressed  air  to  and  from  the  main  cylinder  b.  The  travel  is  produced 
by  means  of  an  auxiliary  valve  c,  acting  as  a  trigger  to  the  main  valve,  but 
entirely  independent  of  it.  It  opens  or  closes  the  steam  or  air  passages, 
thereby  releasing  the  pressure  from  one  end  or  the  other  of  the  main  valve. 
The  auxiliary  valve  moves  on  an  arc  of  a  circle  through  contact  with  the 
piston  d,  operating  tangentially,  and  which  has  a  wide  annular  recess  e  in 
the  middle  of  its  length,  with  inclined  planes  at  either  end,  forming  a 
shoulder.  The  valves  are  held  in  such  a  position  that,  while  the  piston 
carrying  the  cutting  tool  is  moved  towards  the  rock,  the  exhaust  remains 
open  at  one  end,  the  full  pressure  acting  on  the  other  end  until  the  blow  is 
struck,  at  which  time,  and  then  only,  the  main  valve  is  immediately  reversed. 
By  the  combination  of  the  spool  valve  with  an  auxiliary  valve,  working  in 
direct  contact  with  the  piston,  a  positive  motion  is  obtained,  which  ensures 
the  full  force  of  the  blow  being  delivered  on  the  rock,  or,  as  it  is  termed,  a 
dead  blow.  This  is  a  special  feature  of  the  '  Ingersoll-Sergeant '  machine, 
and  gives  a  distinct  advantage  compared  with  those  drills  which  strike  a 
cushion  of  steam  or  air  in  the  front  of  the  cylinder  and  the  rock  simul- 
taneously, necessarily  reducing  the  cutting  power  of  the  drill  considerably. 


Tho  TuUble  pistoo  stroke,  so  BBsen- 
tial  ID  ktaitiDg  bon-holei,  And  when  tbe 
bit  is  workiDg  througb  seamy  rock  lying 
at  a  considerable  angle  to  the  direction 
(rf  tbe  bore-bole,  is  obUined  by  simply 
taming  the  crank  and  feeding  tbe 
machine  towards  the  rock.  This  is 
lUi  important  point,  aa  by  feeding  the 
drill-bit  np  to  within  an  inch  of  tbe  rock 
a  hole  can  be  started  with  great  ease, 
and  in  one-half  the  time  occupied  by 
a  rock  drill  working  on  a  full  stroke. 
It  may  also  be  observed  that  in  rock- 
drilling  machines  which  have  not  a 
Tariable  stroke,  tbe  bit  is  liable  to  have 
the  comers  broken  by  reason  of  tbe 
long  stroke  when  striking  on  a  slant- 
ing face.  When  this  does  not  occnr 
tbe  bore-holes  which  are  commenced 
under  theae  conditions  with  a  glancing 
blow,  invariably  drill  a  hole  out  of  line 
with  the  machine,  necessitating  in  most 
cases  its  being  altered  to  coincide  with 
the  changed  podtiou  of  the  intended 
bofe-h(^. 

The  habilit;  of  a  drill-bit  to  stick 
orbecomejammed  when  passing  through 
fissored  rock  presents  itself  in  a  greater 
or  leas  d^ree  in  most  qnarries  from 
which  rock  is  obtaii^ed  for  road  pur- 
poses. It  is  essential,  therefore,  that  a 
drill  should  be  capable  of  exerting  suffi- 
cient power  to  loosen  or  withdraw  the 
bit  easily.  This  is  provided  for  in  the 
*  logersoU-Sergeant'  drill  by  a  sufficient 
annular  space  affording  tbe  necessary 
area  for  pressure  on  the  front  end  of 
the  cylinder,  by  which  means  it  is 
capable  of  not  only  making  the  return 
stroke,  but  of  lifting  or  recovering  the 
drill-bit  from  broken,  crooksd,  or  muddy 
bore-holes.  The  piston,  besides  being 
made  of  steel  and  hardened,  fits  plug- 
like in  the  cylinder,  and  is  provided 
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with  piston  rings  made  in  two  pieces  with  an  elliptical  spring  undemeath 

to  keep  them  tight  to  the  bore  of  the  cylinder,  thus  preventing  leakage 

past  the  piston. 

The  means  employed  to  give  a  rotary  motion  to  the  drill-bit  on  its  return 

stroke  is  shown  at/  and  g^  fig.  51,  and  in  detail  at  fig.  52,  and  consists  of 

a  rifle  or  spiral  bar/,  having  deep-cut  groves  working  through  a  bronze-nut 

/^  screwed  firmly  into  the  end  of  the  piston,  and  fitted  at  the  back  head  end 

with  a  ratchet  wheel  g  with  internal  teeth.     Two  pawls,  ^^,  press  against  the 

ratchet   teeth,  and  are  kept  in  position  by  spiral 

springs  having  a  straight  line  movement.     It  will 

be  observed  that  the  piston  carrying  the  drill-bit 

assumes  by  this  arrangement  a  new  position  after 

«      e«  each  stroke. 

Fio.  52. 

The  drill-bit  in  striking  an  uneven  surface  has 
at  times  a  tendency  to  turn  the  steel  or  shank  in  a  direction  opposite  to 
that  in  which  it  should  rotate.  Should  this  occur  in  a  power-drill  having 
a  rigid  rotating  mechanism,  the  probable  result  will  be  that  the  spiral  bar 
would  be  twisted  or  the  ratchet  teeth  and  pawls  broken.  In  the  '  Ingersoll- 
Sergeant '  drill  the  effect  of  such  a  contingency  is  obviated  by  a  release  move- 
ment, brought  about  by  the  washer  at  the  back  head  being  simply  turned 
round,  thus  overcoming  the  friction  caused  by  the  pressure  of  the  back  head 
springs.  This  device  is  undoubtedly  an  ingenious  piece  of  mechanism,  and 
being  perfectly  designed,  is  not  liable  to  injury,  an  all-important  matter 
during  drilling  operations. 

It  often  occurs  in  drilling  rock,  that  the  bit,  in  passing  through  seams, 
encounters  a  soft  part  which  causes  it  to  penetrate  suddenly,  or  advance 
rapidly,  the  result  being  that  the  piston  strikes  the  front  head  of  the  drill. 
To  obviate  any  possibility  of  damage  through  this  cause  two  steel  springs 
(n,  fig.  51)  are  placed  on  the  back  head  and  connected  with  the  front  head 
by  means  of  side  bolts,  thus  cushioning  the  blow  resulting  from  the  drill 
operator  neglecting  to  feed  the  machine  properly. 

This  is  at  once  a  simple  and  thoroughly  efficient  method  of  preventing 
the  breaking  of  the  cylinder  covers,  and  much  preferable  to  and  less 
expensive  than  the  device  generally  adopted  on  many  rock  drills,  where 
india-rubber  buffers  or  cushions  are  made  use  of. 

The  manner  of  fixing  the  drill-bit  steels  is  a  matter  of  considerable 
moment,  when  it  is  considered  that  they  have  to  be  changed  repeatedly 
during  the  progress  of  a  deep  bore-hole.  The  forward  or  feed  motion  of  the 
drill  described  is  24  inches^  necessitating  the  use  of  drill  steels  advancing  in 
length  by  2  feet.  It  will  be  obvious  that  should  the  time  occupied  in 
changing  the  steels  be  great,  the  time  actually  engaged  in  drilling  by  the 
machine  will  be  correspondingly  reduced. 

It  is  therefore  very  desirable  that  the  changing  of  the  steels  should 
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occupy  as  short  a  time  as  possible,  and  the  mode  of  fixing  them  be  simple. 
As  the  vibration  of  a  power  machine  wlien  at  work  and  the  strain  on  the 
drilling  steel  is  necessarily  great,  it  is  quite  as  important  that  the  steel 
should  be  firmly  fixed.  The  means  of  attachment  is  effected  by  inserting 
the  end  of  the  steel  into  a  socket  5^  inches  deep  and  1  ^  inch  diameter  in  the 
chuck  end  of  piston,  which  is  swelled  out  for  this  purpose.  The  arrangement 
of  the  chuck  h  is  shown  at  figs.  53  and  54.  The  piston  bushing  is  slotted,  a 
round  key  A^  fits  into  the  slot  and  presses  against  the  shank  of  the  drill 
steel  h\  and  the  whole  is  held  firm  by  a  U-shaped  bolt  h\  It  is  easily 
managed,  while  little  time  is 
necessary  for  loosening  the  two 
nuts,  and  for  substituting  one 
steel  in  place  of  another. 

The  forward  movement  is 
given  by  the  feed  screw  t, 
which  has  a  large  square 
thread,  working  through  a  feed 
nut  «^,  and  having  a  binding 
nut  ^  in  the  cross-heads  of  the 
cradle  j\  by  turning  the  crank 
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handle  k.  The  guides  of  the  cradle  are  made  square  and  of  suitable  dimen- 
sions ;  provision  is  also  made  for  enabling  any  side  play  or  slackness  arising 
from  wear  being  properly  adjusted. 

The  machine  is  fixed  on  to  the  mounting  or  tripod  by  means  of  the 
conical  spigot  /,  which  is  cast  on  the  under  side  of  the  cradle. 

The  oiling  of  the  valves  and  piston  is  provided  for  by  an  oil  cup,  placed 
between  the  throttle  and  steam-chest,  the  lubricant,  preferably  a  heavy 
mineral  cylinder  oil,  being  thrown  into  the  working  parts  in  small  quantities 
when  necessary. 

A  small  aperture  with  thumb-screw  m  at  the  back  head  provides  for  the 
oiling  of  the  rotating  mechanism. 

From  the  preceding  observations  it  will  be  readily  understood  that  in 
a  rock  drill  the  positive  valve  motion,  variable  stroke,  and  effective  rotation 
mechanism  tend  to  give  it  efficiency  in  working  and  to  promote  economy 
in  repairs.  The  '  IngersoU-Sergeant '  drill,  according  to  Andr6,  fulfils  in  a 
remarkable  degree  the  necessary  conditions  already  alluded  to,  and  it  may 
therefore  be  looked  upon  as  a  nearly  perfect  rock  drill.  It  is  very  compact, 
lightness  and  strength  being  a  characteristic  feature  in  its  construction. 
These  rock  drills  are  made  in  various  sizes,  according  to  the  nature  of  the 
quarry  operations  undertaken;  the  drill  with  a  cylinder  of  3^  inches  in 
diameter  is  a  very  serviceable  machine  and  can  be  easily  handled,  as  its 
weight  is  only  about  2^  cwts.;  the  tripod  weighs  1^  cwts.^  and  each  weight 
for  the  tripod,  1  cwt 
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Bore-holes  14  to  18  feet  deep  can  be  easily  drilled  by  this  sise  of  machine. 
It  is  the  kind  used  in  many  stone  quarries,  and  by  the  County  Councils 
in  Scotland.  A  machine  for  drilling  deeper  holes  is  also  used  in  sale 
quarries,  the  cylinder  of  which  is  3^  inches  in  diameter.  The  latter  machine 
weighs  260  lbs.  without  the  tripod,  and  can  easily  bore  holes  20  to  25  feet 
deep,  which  in  some  quarries  is  a  decided  advantage. 

151.  '  Himant '  Drill — ^The  other  rock  drill  to  be  described  is  known  as 
Larmuth's  or  the  *  Himant '  drill,  a  longitudinal  section  of  which  b  shown 
in  fig.  55. 

The  leading  feature  of  this  drill  is,  that  the  valve  is  actuated  by  a 
tappet  rocking  on  a  pivot^  which  works  in  contact  with  the  piston.  The 
valve  box,  which,  in  the  earlier  type  of  this  machine,  was  made  veiy  loDg, 
has  one  of  three  arms  of  the  tappet  fitting  into  a  recess  in  the  valve  spindle 
which  carries  the  D-shaped  valves.  This  arrangement,  however,  proved 
defective,  owiug  to  the  breaking  of  the  valve  spindle  by  the  sudden  shock 
which  it  was  subjected  to  when  at  actual  work. 

A  shorter  valve  box  is  now  substituted,  the  spindle  dispensed  with, 
and  a  solid  piston  valve  a  used  in  its  place,  obviating  the  defect  existing 
in  the  former  drill.  The  tappet  e  is,  however,  retained  to  ensure  cer- 
tainty of  action  and  to  lock  the  valve  in  position. 

The  piston  d  is  turned  to  fit  the  cylinder  b  exactly,  neither  piston 
rings  nor  packing  being  made  use  of.  The  wearing  of  the  piston  and 
cylinder  must  in  time  admit  of  steam  or  compressed  air  leaking  between 
them,  but  this  does  not  materially  affect  the  working  parts,  although  its 
efficiency  generally  must  necessarily  be  impaired.  India-rubber  buffers,  n, 
are  employed  at  either  end  of  the  cylinder  to  destroy  the  momentum  of 
the  piston  in  case  of  overshooting.  When  compressed  air  is  the  motive 
power  employed  to  work  this  class  of  drill,  these  buffers  wear  quickly  by 
being  acted  upon  by  the  oil  used  in  lubricating  the  cylinder,  and  when  steam 
is  used  to  operate  it,  the  combined  action  of  these  destructive  agents  wears 
out  the  buffers  quickly,  and  necessitates  frequent  renewals. 

The  action  of  a  tappet-actuated  valve,  as  already  pointed  out,  must  to 
a  certain  extent  strike  a  cushioned  blow,  thereby  expending  a  consider- 
able amount  of  the  force  on  the  machine  itself,  instead  of  striking  the  rock 
direcUy.  For  the  same  reason,  in  a  tappet  drill  a  variable  stroke  can  only 
be  obtained  by  working  on  a  cushion  of  air  or  of  steam. 

The  rotary  motion  in  the  older  type  of  this  drill  was  obtained  by  means 
of  a  twisted  square  bar;  this  arrangement,  however,  not  proving  quite 
satisfactory,  a  grooved  or  spiral  bar  /has  been  substituted.  This  works 
through  a  nut  in  the  back  head  of  the  drill,  turning  the  cutting  tool  round 
at  each  stroke,  and  is  secured  by  means  of  a  ratchet  and  pawl  g. 

The  feed  or  forward  motion  is  provided  for  by  a  long  screw,  t,  having 
a  square  thread    passing  through  nuts  i\  and  supplied  with  an  arrange- 
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maiit  for  taking  up  the  wear.  The  mettod 
of  fixing  the  cntting  tool  or  >teel  to  the 
lower  end  of  piaton  was  attained  in  the 
earlier  machine!  by  means  of  a  bolt  pass- 
ing tbrongb  tiie  chnck  in  which  the 
ihank  of  the  bit  was  inserted,  and  likewise 
thiongb  the  steel  itself,  being  tightened  by 
a  nnt  as  ehuwn  at  A  in  fig.  56.  A  new 
method  of  securing  the  drilling-bit  ie  made 
by  forming  the  shank  with  a  taper  and 
fitting  this  into  a  conical  recess  in  the 
chuck  end  of  piston,  wedge  fashion,  as 
lepteseated  in  Gg.  66.  This  arrangement, 
however,  u  not  aatisfactory  when  drilling 
in  seamy  rock,  as  the  steel  works  loose  on 
being  hammered,  a  process  which  is  neces- 
wy  nnder  these  circnmetances. 

The  '  Hiniant '  drill  ie  constructed  in  a 
Tery  solid  manner,  the  object  of  the  makers 
being  steady  and  permanent  work.  It  is  not 
a  speedy  boring  machine  in  large  or  deep 
holes,  and,  generally  speaking,  requires  few 
repairs.  Very  good  work  can  be  accom- 
plished with  this  machine,  providing  the 
drill-runner  exercises  skill  and  intelligence 
•0  aa  to  ntiliie  the  full  power  of  the 
machine  j  if  he  works  with  a  reduced 
stroke  on  a  coshion  of  steam  or  of  com- 
pressed air,  he  is  simply  spending  power  tn 
pounding  the  drill  itself  instead  of  apply- 
ing it  against  the  rock  to  be  borod. 

The  force  of  the  blow  in  a  tappet  drill 
is  materially  checked  by  the  too  early 
admission  of  the  steam  or  compressed  air, 
which  forms  a  cushion  in  front  of  the 
piston ;  the  work  accomplished  will  there- 
fore be  small  in  proportion  to  the  power 
consumed,  although  the  piston  may  be 
travelling  at  a  great  speed. 

Oreater  skill  is  required  for  operating 
a  'Himant'  drill  than  is  necessary  for 
working  one  on  the  'Ingersoll-Sergeant' 
{vinciple.    There  can  be  no  question  that 
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the  results  claimed  for  the  '  Himant '  machiDe  have  beeu  attained,  but  the 
fact  undoubtedly  remains  that  rock  drills  which  have  a  tappet  action  strike 
a  blow  on  a  cushion  of  air  or  steam,  and,  therefore,  cannot  deliver  a  dead 
blow.  Further,  a  cylinder  of  larger  size  in  proportion  to  the  width  of  bit 
Lb  required  for  drilling  the  bore-hole,  or  if  it  be  of  the  same  size,  the  cutting 
capacity  must  necessarily  be  reduced.  The  'Hiruant'  drill, 
notwithstanding  the  defects  common  to  all  drills  of  the  tappet 
type,  has  been  largely  used  by  contractors  in  this  country  for 
tunnelling  and  other  public  works. 

152.  Compomid  Bock  Drills. — ^The  principle  of  expansion 
has  been  introduced  for  the  purpose  of  further  economizing  the 
motive  power  in  rock  drills,  but  hitherto  without  much  success. 
The  difficulty  has  been  the  greatly  increased  size  and  conse- 
quently heavier  machine  necessary,  which  counterbalances  the 
advantages  which  lightness  gives  for  quick  and  easy  handling. 
What  may  be  gained  in  economy  of  power  by  compounding 
is  lost  in  the  time  occupied  in  moving  the  heavier  machine 
from  one  bore-hole  to  another.  In  addition  to  this  the 
expanded  steam  frequently  has  insufficient  power  to  with- 
draw the  drill  steel  from  a  bore-hole,  in  seamy  rock,  without 
admitting  live  steam,  thereby  counteracting  the  benefit  derived  from 
compounding. 

158.  Tripods. — The  support  or  mounting  to  which  a  rock  drill  is 
attached  for  the  system  of  quarrying  under  review  is  that  of  a  tripod, 
which  constitutes  a  very  important  adjunct  to  the  machine.  For  many 
reasons  it  must  be  of  light  weight  for  convenience  in  handling,  and  of 
strong  construction,  so  that  great  rigidity  may  be  attained.  A  point 
of  the  utmost  importance  is  that  it  should  admit  of  the  drill  being  readily 
adjusted  to  any  angle  so  that  the  holes  may  be  bored  in  the  direction 
and  with  the  inclination  required,  and  when  so  fixed  permits  of  the  feed 
or  forward  movement  taking  place. 

It  is  also  necessary  that  the  tripod  should  be  constructed  so  as  to  admit 
of  its  ready  adjustment  to  the  irregularities  of  the  surface  of  the  rock  met 
with  in  quarry  work.  A  drill  support  which  does  not  possess  these  dis- 
tinctive requirements  is  placed  at  a  great  disadvantage,  and  under  certain 
circumstances  may  necessitate  the  employment  of  hand-boring  to  supple- 
ment the  work  done  by  the  machine  drill.  It  is  obvious  that  a  rock  drill 
and  mounting  which  cannot  be  so  fixed  as  to  accommodate  itself  to  the 
extreme  irregularities  of  rock  surfaces  is  detrimental  to  success,  and  would 
under  such  circumstances  be  restricted  in  its  operations  as  a  labour-saving 
machine. 

A  rock  drill  may  have  a  perfect  valve  motion,  and  be  otherwise  of 
good  design,  but  may  fail  to  do  efficient  work  by  reason  of  the  defective 
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coiwtraction  of  tbe  ^pod,  whicb  incompleteness  constitutes  in  many  cases 
a  serious  objection  to  the  adoption  of  a  rock-drilling  machine. 

The  form  of  tripod  used  in  connection  with  the  '  IngersoU-Sergeant ' 
drill  is  shown  in  fig.  57. 

The  saddle  bolt  o  which  carries  the  hip  rings  jp  and  to  which  the 
legs  are  attached  ties  the  whole  appliance  together,  and  by  loosening  it 
the  legs  of  the  tripod  can  be  thrown  into  any  position,  at  right  angles 
to  the  bolt  The  front  legs  q  are  further  provided  with  a  bolt  r  (attached 
to  the  hip  ring),  the  loosening  of  which  enables  the  position  of  the  legs  to 
be  altered  from  that  of  a  right  angle  to  a  parallel  position  in  relation  to 


Fio.  67.— Tripod  for  *Inger8o11- 
Sergeant '  drill 


Fio.  68.— Tripod  for  'Hirnant' 
drilL 


the  saddle  bolt.  The  front  legs  q  and  back  leg  v,  consisting  of  tubing,  are 
pointed  at  the  lower  end ;  they  are  made  telescopic  and  are  provided  with 
bands  and  set  screws  «,  so  that  the  legs  can  be  adjusted  to  the  irregularities 
of  the  rock  surface. 

When  the  machine  is  working  the  tripod  should  be  perfectly  rigid, 
for  which  purpose  weights  t  are  attached  and  kept  in  position  by  weight 
hangers  u  fixed  to  the  legs  at  an  angle  as  shown  in  fig.  57. 

The  arrangement  of  the  tripod  in  connection  with  the  '  Hirnant '  drill, 
fig.  58,  and  indeed  with  most  of  the  other  types  of  rock  drills  used,  is 
somewhat  similar  to  that  described,  but  the  front  legs  q  have  only  one 
movement,  namely,  at  right  angles  to  the  saddle  bolt  0.  In  addition  to 
this  the  use  of  slides  and  bolts  greatly  complicates  and,  at  the  same  time, 
weakens  the  tripod,  and  naturally  makes  it  non-efiicient.  By  having  an 
arrangement  similar  to  that  of  the  tripod  for  the  *  Ingersoll-Sergeant '  drill, 
and  known  as  the  universal  joint,  the  drill  can  be  so  placed  as  to  drill  holes 
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in  the  most  advantageoiis  position  for  blasting,  not  attainable  by  other  drills 
of  which  the  tripods  have  only  one  movement 

The  weight  of  the  '  Himant '  drill  and  tripod  described  is  3  cwts.,  and 
the  three  weights  about  1  cwt.  each.  The  cylinder  is  3|  inches  in  diameter, 
and  can  bore  holes  10  to  12  feet  deep,  the  width  of  drill-bit  or  size  of  bore- 
hole at  commencement  being  2^  inches. 

154.  Drill-bits. — The  width  of  the  catting  edge,  the  form  given  to  a 
drill-bit,  and  the  diameter  of  the  steel  used,  vary  according  to  the  nature 
and  character  of  the  rock  to  be  bored  and  the  capacity  of  the  drilling 
machine  employed.  A  judicious  selection  of  the  best  shape  of  bit,  suitable 
for  the  rock,  adds  considerably  to  the  success  of  the  boring  operations  with 
drills  actuated  by  steam  or  compressed  air.  The  chisel-pointed  bit  usually 
adopted  in  hand-boring  has  no  place  in  machine  drilling  when  the  rock  is 
fissured.  A  modified  form  of  this  kind  of  bit  is  shown  in  fig.  59;  it 
answers  very  well  for  sandstone  and  slate  of  a  solid  nature.  The  flattened 
or  grooved  portion  at  the  centre  of  the  bit  is  made  for  the  purpose  of 
discharging  cuttings  and  sludge. 

The  part  forming  the  centre  of  any  drilling-bit  performs  but  little  work, 
so  that  the  reducing  of  the  steel,  as  shown,  does  not  affect  its  efficiency. 
The  steels  for  the  smaller  sizes  of  rock-drills  are  generally  made  from  |ths  of 
an  inch  to  1  inch  in  diameter,  while  for  the  larger-sized  machines  the  diameter 
varies  from  1^  inch  to  IJ  inch.  They  are  made  from  octagonal  steel  bars; 
the  shank,  or  part  which  fits  into  the  bush  of  the  chuck  at  the  end  of  the 
piston,  is  turned  so  as  to  fit  it  exactly,  the  top  end  being  made  of  a  hemi- 
spherical shape.  The  width  of  the  cutting  edge  is  determined  by  the  size  of 
rock  drill  used,  that  is,  by  the  diameter  of  the  cylinder,  or  in  other  words,  by 
the  force  of  the  blow  transmitted  by  the  machine  to  the  bit.  It  varies  from 
I  of  an  inch  to  3  inches  for  general  quarrying,  while  in  special  circumstances 
it  may  be  as  wide  as  5  inches.  The  proper  shape  to  be  given  to  a  drill- 
bit,  under  varying  conditions  of  work,  is  a  subject  on  which  a  considerable 
amount  of  attention  has  been  bestowed. 


Figs.  59,  80,  61.— Drill-bits. 

The  cross-bit  shown  in  fig.  60  is  a  decided  improvement  on  the  older 
form  or  chisei-pointe'd  bit,  and  does  very  good  work  in  solid  rock.  There 
is,  however,  a  difficulty  with  this  form  of  cutting  edge,  arising  from  the 
circumstance    that  when    rotated    by  means   of  the  spiral   bar  it  has  a 
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tendenc7  to  itrike  the  same  place  font  timea  in  each  rotation.  This 
niMTOidable  pounding  of  the  drill-bit  on  the  same  apot,  especially  when 
it  IB  penetrating  the  rock  quickly,  haa  »  tendency  to  buiy  the  bit  in  the 
aune  groove,  with  the  result  that  the  eacceeding  blows  will  causa  the  bor^ 
hole  to  be  '  rifled,'  or  of  an  irregular  shape. 

The  drill-bit  made  iu  the  form  of  an  X,  fig.  61,  ia  now  almost  nniversally 
adopted  with  percosaive  rock  drills,  as  from  the  shape  of  the  cutting  edge 
the  chance  of  stnking  the  same  place  is  reduced  by  one-half ;  consequently 
there  is  less  risk  of  the  hole  becoming  rifled.  Attempts  to  bore  a 
roand  hole  with  the  cross-bit  have  often  failed,  while  the  X-bit  has 
performed  the  work  satisfactorily  in  this  respect.  The  drill-bit  in  catting 
its  way  through  seamy  rock  has  a  tendency  to  run  out  of  line,  or  to  follow 
the  fissured  parts,  which  may  be  at  a  considerable  angle  to  tbs  direction  of 
the  bore-hols.  This  causes  great  trouble,  and  may  neceenitate  the  work  of 
drilling  the  hole  being  abandoned  before  the  intended  depth  has  been 
reached.  It  also  entails  a  considenble  loss  of  time  in  shifting  the  machine, 
and,  if  the  abandoned  bore-hole  ia  not  very  deep,  an  additional  one  may  be 
required  to  successfully  carry  out  the  blasting  of  the  rock.  It  will  be 
evident  that  under  such  circumetancaa  the  working  expense  in  drilling  on  a 
certain  piece  of  rock  may  be  greatly  increased  from  the  cause  mentioned. 
To  obviate  this,  the  drill-bits  should  be  formed  with  shoulders  or  wings 
extending  back  to  about  6  or  8  inches  from  the  cut- 
ting edge,  and  only  of  s  slightly  reduced  diameter  at 
the  rear  end  of  the  wings,  so  as  to  ensure  free  working. 
As  the  cutting  edge  wears  in  proportion  to  the 
amount  of  work  dons,  it  is  advisable  to  have  wings 
of  the  length  mentioned. 

The  purpose  of  these  wings  will  be  more  clearly 
understood  by  referring  to  fig.  63.  The  cutting  edge 
of  the  drill-bit,  in  penetrating  the  seams  running 
diagonally  acrosa  the  hole,  will,  if  not  prevented, 
follow  the  line  or  vein  ab.  This  is  obviated  by  the 
wings  being  in  contact  with  and  guided  by  the  sides 
of  the  bore-hole  ae  and  be,  which  check  the  tendency  of  the  cutting  edge 
of  the  bit  to  follow  the  slanting  direction  of  the  seamy  or  fissured  portion 
of  the  rock  a  b. 

1S5.  Tempering  Drill-bitB. — The  hardening  end  tempering  of  the  drill- 
bits  is  a  matter  requiring  careful  study  and  observation  on  the  part  of  the 
quarry  amith.  In  hardening  drill-bits,  it  is  desirable  to  combine  aa  far  as 
possible  the  properties  of  hardness  and  toughness. 

Hordnees  is  produced  by  immersing  in  water  a  part  of  the  bit,  the  steel 
of  which  shonld  be  of  the  beet  material,  after  it  is  heated  to  a  certain 
temperature ;  this  is  the  cooling  medium  employed,  while  toughness  may  be 
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increased  by  immersing  the  bit  in  oil,  which  process  should  be  occasionally 
carried  out  to  prevent  the  steel  becoming  too  brittle.  The  drill-bits  are 
first  dressed  to  the  proper  form  and  gauge  by  means  of  special  blacksmith's 
tools,  viz.,  a  dolly,  sow,  spreader,  flatter,  and  swage.  The  quany  smith 
does  not  like  to  dress  an  X-bit,  as  that  involves  considerable  trouble 
and  manipulation;  this  difficulty  may,  however,  be  easily  overcome  by 
using  two  dollies.  The  drill-bit,  when  intended  to  be  made  in  the  form  of 
an  X,  should  be  dressed  first  as  a  cross-bit ;  the  requisite  shape  can  then  be 
obtained  by  spreading  the  wings  with  a  hammer,  and  finishing  it  in  the  X 
dolly  immediately  before  commencing  the  hardening  process.  The  harden- 
ing of  the  cutting  edge  is  proceeded  with  by  heating  the  end  of  the  steel  to 
cherry  redness^  and  then  dipping  it  in  cold  water  to  a  depth  of  about  an 
inch,  moving  the  bit  at  the  same  time  slightly  up  and  down  to  avoid  the 
hardness  terminating  abruptly.  When  the  requisite  degree  of  hardness  has 
been  attained  the  steel  is  immersed  in  water  until  the  heat  is  reduced 
sufficiently  for  tempering.  The  steel  is  then  withdrawn  and  the  colours 
carefully  watched  for,  until  that  of  a  pale  straw  appears,  which,  generally 
speaking,  is  the  one  most  suitable  for  percussive  rock  drill-bits. 

The  temperature  increases  at  the  point,  owing  to  the  heat  which  is  left 
in  the  stock  passing  down,  the  colours  appearing  in  regular  succession  on  the 
bright  or  filed  surface  of  the  bit.  When  the  straw  colour  appears,  which 
can  be  only  properly  observed  in  a  dark  place  in  the  smithy,  the  steel  is 
plunged  into  water  and  left  there  till  cold,  when  the  process  of  tempering 
is  completed. 

156.  Motive  Pov^er. — Compressed  air  or  steam  is  conveyed  to  the 
drilling  machine  by  small  iron  pipes  or  gas  tubing.  When  there  is  more 
than  one  drill  at  work,  T  branches  are  placed  on  the  line  of  main  pipe 
at  suitable  intervals,  and  laid  to  within  a  short  distance  of  the  drilling 
machines.  The  connection  is  completed  by  using  a  suitable  length  of 
metallic  flexible  tubing  or  of  seamless  rubber  hose,  preferably  5-ply,  which 
will  withstand  the  pressure  of  steam  or  compressed  air ;  the  exterior  should 
be  protected  by  being  marline-wound,  and  each  end  should  be  provided  with 
proper  couplings  for  attachment  to  the  piping  and  the  drill.  When  it  is 
necessary  to  connect  two  lengths  of  iron  pipes  for  conveying  the  motive 
power  which  do  not  lie  in  the  same  straight  line,  a  flexible  ball-and-socket 
joint  is  employed,  admitting  of  a  movement  of  about  45  degrees  in  any 
direction.  By  the  use  of  one  or  more  of  these  flexible  joints  on  a  line  of 
piping  many  delays  in  changing  pipes  are  avoided,  while  they  remain, 
especially  Moran's  patent  joint,  perfectly  air  and  steam-tight  after  many 
years'  service. 

157.  Comparative  Trials  of  Bock  Drills. — Comparative  trials  of  power 
rock  drills  have  been  carried  out  from  time  to  time,  but  it  must  be  confessed 
the  results  have  been  of  little  practical  value.     At  the  exhibition  of  Mining 
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and  Metallurgy,  beld  in  the  Crystal  Palace,  Sydenham,  in  1890,  a  trial  was 
carried  out  with  power  rock  drills  actuated  with  compresed  air  supplied 
at  a  pressure  of  about  60  Ibe.  per  square  inch,  one  of  the  conditions 
enforced  being  that  the  diameter  of  the  bore-hole  should  be  equal  to  half  the 
diameter  of  the  cylinder  of  the  drilling  machine.  The  blocks  of  stone 
operated  on  were  faced  so  as  to  give  each  machine  an  equal  opportunity  in 
starting  the  bore-hole,  two  minutes  being  the  time  allowed  to  test  the 
boring  capacity  of  the  drill  So  limited  a  period  of  time  for  such  a  trial,  be 
it  observed,  does  not  admit  of  any  practical  comparison  being  made  between 
different  types  of  rock-drilling  machines.  For  instance,  the  drill-bit  might 
not  be  properly  hardened  and  tempered  for  the  class  of  rock  being  operated 
on,  and  consequently  the  capacity  of  the  machine  would  be  determined  by 
the  suitability  or  otherwise  of  the  condition  of  the  cutting  edge.  As  a  rule 
the  drill  is  applied  in  actual  practice  to  a  sloping,  not  a  dressed  face  of  rock, 
so  that  a  drilling  machine  having  a  variable  stroke  could  not  show  its 
efficiency  to  the  same  extent  in  the  latter  case  as  in  the  former.  Rock  drills 
were  tried  in  Cornwall  under  the  conditions  given  in  the  foregoing  para- 
graphs, as  long  ago  as  1867,  and  in  an  open  quarry  face  ten  years  later. 

The  relative  merit  of  a  rock  drill  must  of  necessity  be  that  of  actual 
work  accomplished,  whether  in  a  mine,  heading,  or  open  quarry  work,  and 
the  capacity  or  cutting  power  and  general  handiness  of  the  machine  can  only 
be  determined  by  an  everyday  experience  extending  over  a  considerable 
period  of  time,  and  under  the  ever-varying  conditions  which  present  them- 
selves in  quarrying  operations. 

198.  Position  of  the  Bore-hole. — The  selection  of  the  best  position  for 
bore-holes  is  a  very  important  factor  in  quarry  work,  as  the  useful  effect 
or  result  of  the  blasting  operations  depends  on  a  judicious  choice  in  the 
location  of  a  series  of  them.  To  determine  the  position  of  each  bore-hole 
properly,  it  is  necessary  to  consider  what  effect  the  action  of  an  explosive 
will  have  in  relation  to  the  bore-hole  and  the  bounding  faces,  and  also  to 
have  a  previous  knowledge  of  the  probable  direction  of  the  natural  backs 
or  fissures  in  the  rock.  The  most  favourable  condition  for  blasting  is  when 
the  rock  presents  an  unsupported  face  on  every  side,  but  in  ordinary  quarry 
work  this  condition  does  not  obtain,  the  wall  or  face  of  the  rock  being 
vertical  or  nearly  so ;  only  two  free  faces  exist,  namely,  the  top  and  breast 
of  the  rock.  Under  these  conditions  the  bore-holes  should  be  placed  as 
nearly  parallel  to  the  longest  free  side  as  possible.  The  effects  of  disrup- 
tion by  blasting  may  be  gathered  from  the  line  of  fracture  as  shown  in 
fig.  63,  in  which  e^,  a,  /  represents  the  top  of  the  rock,  and  d  e  the  face, 
while  the  bore-hole  is  shown  at  a  5  and  the  explosive  at  r,  to  being  the 
distance  from  the  charge  to  the  face  of  the  rock  or  the  line  of  resistance. 
The  effect  of  the  charge  e  when  exploded,  provided  it  be  strong  enough, 
is  such  that  the  lines  of  rupture  will  follow  the  bore-liole  ab  and  the 
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portiou  u>  c,  while  tha  dotted  line  /,  6,  e  represento  the  probable  enter.  The 
distance  w,  or  line  of  resiBtatice,  should  not  be  more  than  three-fonrths  of  the 
depth  of  the  bore-hole,  so  that  when  choired  the  lines  of  least  resistance  from 
the  centre  of  the  charge  e,ae,  and  lo  c  may  be  approximatelj  equaL 

Fig.  G4  represents  the  plan  of  the  top  bench  of  a  qnan; ;  the  face  of  the 
rock  ia  showu  at  h d,  and  the  borehole  at  a.  The  result  of  the  blasting 
will  depend  upon  the  angle  made-  by  the  lines  of  rapture  ab  and  ae, 
which  must  necessarily  be  lees  than  1S0°,  and  may  indeed  he  a  very  amalj 
angle. 

This  would  be  the  result  if  the  shot-hole  was  fired  singly,  but  experi- 
ence shows  that  by  firing  several  charges  simultaneously,  a  greater  useful 
effect  is  obtained.  For  example,  consider  another  bore-hole  the  position 
of  which  is  parallel  to  the  rock   facu  and  placed  at  a' ;  the  lines  of  nip- 
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tuTc,  taking  ihem  if  fired  singly,  would  follow  the  dotted  linns  b,  a,  e  and 
c,  a',  d,  whereas,  if  fired  simultaneously,  the  mass  of  rock  which  would 
be  dislodged  is  represented  by  the  letters  b,a,e,  a',  d.  The  distance 
between  the  points  a  and  a'  should  not  exceed  the  depth  of  the  bore- 
holes, the  best  results  being  obtained  when  the  distance  between  thtm  is 
made  cqtial  to  the  line  of  least  resistance  ts,  in  fig.  63.  It  will  be  seen 
that  the  useful  effect  is  greatest  when  the  disruption  takes  place  at  an 
angle  of  160°,  that  is,  when  the  lines  of  rupture  run  in  opposite  directions, 
showing  the  decided  advantage  which  may  be  obtained  by  firing  several 
ehot^holes  simultaneously.  Tn  firing  single  shot-holes,  the  useful  effect 
dimiuishes  as  the  angle  made  by  the  lines  of  rupture  becomes  less. 

Briefly,  these  are  the  conditions  necessary  to  be  observed  for  the  advan- 
tageous placing  of  bore-holes.  As  a  mass  of  rock,  however,  is  seldom  homo- 
geneous in  composition  or  uniform  in  texture,  a  careful  examination  of  the 
quarry  is  essential,  so  that  the  position  and  direction  of  the  bore-holes  shall 
be  determined  in  accordance  with  these  varying  conditions,  in  order  to  pro- 
duce a  maximum  effect  with  a  given  quantity  of  explosive. 
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Machine  bore-holes  ma;  be  drilled  either  in  a  vertical,  inclined,  or 
boriiontal  poailion. 

The  vertical  position  ia  the  most  couvenient  for  quick  handling  and  drilling, 
vhile  in  blasting,  the  explodve  effect  id  wholly  expended  in  shattering  and 
dislodging  the  rock,  none  of  it  being  required  for  lifting  iL  The  face  of  a 
qnany,  therefore,  when  of  considerable  depth,  should  be  formed  in  benches, 
the  level  porUons  being  from  12  to  16  feet  wide.  The  depth  of  face  may  be 
varied  according  to  the  drilling  capacity  of  the  machine  employed,  the 
tunal  depth  being  from  14  to  20  feet,  as  shown  in  fig.  65 ;  the  dotted  lines 
show  the  assumed  line  of  the  face  as  the  quarrying  operations  are  extended. 

Horiisontal,  bottom,  or  breast  bote-holea  can  be  made  with  a  modem  rock 
driU.     In  many  cases  all  these  kinds  of  holes  may  be  required  in  order  to 
allow  of  the  maximum  quantity  of  rock  being  dislodged  by  one  operation  in 
blasting,  and  also  of  the  bottom 
of  the  quarry  being  taken  out  in 
as  uniform  a  manner  as  possible. 
In  a  quarry  having  a  verUcal  face 
of  from  22  to  24  feet,  aud  operat- 
ing with  a  drill  capable  of  putting 
down    14-feet   bore-holes,  it   be- 
comes necessary  to  place  horixontol 
holes  at  the  floor  level  of  quairy, 
BO  as  to  ensure  the  dlslodgment 
of  that  portion  of  rock  which  is 
left  beyond  the  crater  formed  by 
the  blasting  of  the  14-feet  vertical 
borehole.     Vertical  ahot-holes  requi 
lodge  a  given  quantity   of  rock, 

horizontal  or  breast  hole,  the    reasons  for  which   will  be  explained  when 
dealing  with  the  subject  of  blasting  the  shoUholes. 

From  the  foregoing  observations  the  position  and  direction  of  the  bore- 
holes calcnlated  to  give  the  greatest  useful  effect  in  the  blasting  of  the  rock 
may  be  determined. 

159.  Previous  to  commencing  drilling  operations  it  is  necessary  to  strip 
or  lay  bare  such  a  snrface-width  of  the  rock  as  will  remove  all  the  tirr  likely 
to  interfere  with  the  actual  qnarrying  opeiations.  The  area  to  be  stripped 
will  depend  on  the  quantity  of  material  required,  and  on  the  height  of  tlie 
rock  face.  It  may  be  determined  by  calculating  the  contents  of  the  rock  in 
the  solid,  allowing  13  cubic  feet  for  each  ton  of  material.  In  general,  the 
stripping  may  be  done  as  occasion  requires,  whether  the  quarries  are  worked 
ooDstantly  or  interruptedly.  The  expenditure  incurred  in  performing  this 
work  should  be  charged  sgainst  the  total  quantity  of  rock  removed  from  the 
aiea  cleared.     The  cost  of  tirring  or  stripping  per  ton  of  rock  obtained  will 


1  smaller  charge  of  explosive  to  dia- 
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depend  on  the  depth  removed  compared  with  that  of  the  rock  face,  on  the 
method  adopted  in  removing  the  soil,  and  on  the  distance  to  which  it  has  to 
be  conveyed  for  disposal 

160.  Examples  of  Quarrying  taken  from  Actual  Practice. — In  the 
following  example  taken  from  actual  practice  the  quantity  of  material 
required  was  1500  tons,  the  depth  of  rock  face  being  20  feet ;  it  was  desired 
to  determine  what  width  would  be  required  when  the  length  of  face  is 
known.  In  fig.  66  the  positions  of  the  bore-holes  are  shown,  Nos.  1  to  9 
inclusive  being  vertical,  and  10  to  14  horizontal  or  bottom  holes,  the  length 
of  face  being  40  feet.  These  bore-holes  were  all  drilled  to  a  depth  of  14  feet, 
and  placed  at  an  average  distance  apart  of  11  feet,  the  measurement 
from  the  face  of  the  rock  to  the  first  line  of  bore-holes  being  the  same. 
The  bore-holes  in  the  second  line  were  placed  9  feet  further  back  and 
parallel  with  those  in  front.      The  distance  from  the  face  for  stripping 
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purposes  is  determined  in  the  following  manner :  the  total  quantity  of  rock 
required  is  divided  by  the  length  of  face  multiplied  by  the  depth  of  the 
rock,  which  in  this  case  is  about  20  feet.  An  allowance,  however,  must  be 
made  for  the  line  of  rupture  extending  beyond  the  position  of  the  bore-holes, 
as  the  necessity  of  clearing  the  soil  well  back  from  this  point  to  avoid  its 
falling  on  to  the  quarried  material  is  obvious ;  it  is  therefore  advisable  to 
make  the  width  greater  than  the  calculated  figure  by  6  or  8  feet.  Fig.  67  is 
a  cross-section  of  the  quarry  face,  showing  the  position  of  the  vertical  and 
horizontal  bore-holes ;  the  actual  line  of  rupture,  or  crater  form,  of  the  mass 
dislodged  is  shown  by  the  line  a,  6,  and  c. 

Fig.  68  is  another  example  representing  road-stone  quarry  No.  1,  where  the 
depth  of  the  rock  varied  from  27  to  40  feet.  In  this  case  it  was  imperative 
to  blast  the  total  quantity  required  (4000  tons)  at  one  operation,  so  that  a 
system  of  bottom  and  breast  bore-holes  in  conjunction  with  the  vertical  ones 
became  necessary,  whereas  under  ordinary  circumstances  it  would  have  been 
worked  in  benches  from  the  top  of  the  rock  surface  downwards.  It  is  usual 
to  mark  ofif  roughly  the  area  of  the  rock  surface  which  must  be  operated 
upon  to  produce  the  quantity  of  rock  required  for  a  given  length  and 
depth  of  face.     It  will  be  observed  that  many  of  the  breast  and  bottom 
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holes  an  ihovn  at  a  coDsideraUe  angle  to  tlie  general  line  of  the  quarry 
fkce ;  this  was  neceBsary,  owing  to  the  poaition  and  varying  diiectdon  of  the 
veins  and  fissarea  running  through  the  rock  mass. 

The  bottom  holes  are  indicated  by  the  numbeia  I  to  1 3  incIneiTe;  the  breaat- 
bolc",  atanaverageof  from?  to  10  feet  high  above  the  floor  level  of  the  qnarry, 


Fio,  69. — CroHB-aeclion  of  TO»d- 
itoue  qaur;  No.  1  at  A  A. 


are  nambered  from  14  to  33  inclusive,  and  the  top  or  vertical  holes,  23  to  42, 
Fig.  69  represente  a  cross-section  at  A  A  on  plan,  and  shows  the  method  adopted 
in  arranging  the  position  of  the  bore-holes.  They  were  all  put  in  1 1  feet  deep 
andcharged  with  dynamite;  the  total  quantity 
of  material  actually  quarried  and  passed  over 
the  steelyard  amonnted  to  4108  tons. 

There  is  no  universal  nile  for  placing 
bore-holes.  The  best  plan  is  to  stndy  the 
conditions  already  mentioned,  carefully 
note  the  position,  depth,  and  direction  of 
the  bore- holes  relatively  to  each  other, 
and  the  resnlta  obtained  from  previous 
blasting  operations.  The  number  of  bore- 
holes required  will  depend  on  the  tenacity  of  the  rock,  on  the  development 
of  the  joint  planes,  and,  in  some  measure,  on  the  lines  of  fracture  started  by 
the  preceding  blast.  With  electrical  firing,  bore^holes  can  be  placed  further 
apart,  consequently  fewer  are  required  to  effect  similar  results. 

161.  In  quarrying  for  '  dimension  stones,'  such  as  those  used  for  kerhe, 
channels,  and  setts,  the  system  of  drilling  few  holes  is  usually  adopted,  but 
these  are  made  deep  and  of  large  diameter,  the  object  being  to  apply  the 
blasting  agent  so  that  it  will  simply  push  the  mass  of  rock  outwards  and 
jKeld  the  largest  blocks  possible.  In  obtaining  materials  (or  macadamiz- 
ing purposes,  however,  it  is  of  primary  importance  to  reduce  the  mass  of 
rock  to  a  suitable  siie  for  handling ;  and  therefore  a  large  number  of  bore- 
holes are  drilled,  while  the  explosive  used  should  be  specially  adapted  for 
the  end  in  view,  which  will  be  noticed  under  blasting. 
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162.  Boring  the  Shot-holes. — The  position  and  direction  in  which  a 
bore-hole  is  intended  to  be  drilled  having  been  determined,  the  tripod  is  ao 
placed  that  when  the  drill  proper  is  attached  and  fixed  to  the  saddle  the 
chuck  end  of  the  piston  carrying  the  cutting  tool  will  coincide  exactly  with 
the  spot  selected  for  the  bore-hole.  In  drilling  vertical,  and  even  at  timee 
bottom  bore-holes,  it  is  a  common  occurrence  to  encounter  loose  rock,  which 
should  be  cleared  away  previous  to  fixing  the  position  of  the  machine.  The 
setting  of  the  tripod  for  vertical  holes  is  commenced  by  placing  it  in  an 
approximate  position  with  the  saddle  at  a  fixed  height  or  distance  from  the 
rock.  The  irregular  or  rough  nature  of  the  surface  may  necessitate  placing 
the  legs  of  the  tripod  at  different  angles  and  of  varying  lengths.  This  is 
readily  accomplished  by  means  of  the  saddle  bolt,  front  leg  bolt,  and  the 
telescopic  pointers  fixed  by  bands  and  screws.  A  small  hole  is  made  in  the 
rock  at  three  points  with  a  chisel  or  quarry  pick  for  the  pointers  of  the  tripod 
to  sit  in.  The  jaw  of  the  saddle  at  the  apex  of  the  tripod  is  loosened^  and 
the  conical  spigot  attached  to  the  cradle  of  the  drill  is  then  placed  upon  it^ 
and  properly  secured. 

The  position  and  direction  of  the  bore-hole  are  then  definitely  fixed,  all 
the  bolts  of  the  tripod  being  tightened,  and  the  weights  placed  on  the  legs 
by  means  of  the  hangers  or  clips,  which  keep  the  drill  perfectly  rigid  whan 
working.    Fig.  70  shows  the  machine  drilling  a  vertical  hole. 

In  drilling  bottom  or  breast-holes  the  tripod  legs  are  placed  so  that  they 
are  in  a  flat  position,  the  under  part  of  saddle  resting  on  a  block  of  wood. 
The  pointers  of  the  two  front  legs  are  placed  against  the  rock  face,  while  the 
other,  or  back  leg,  is  placed  directly  behind  the  line  of  the  bore-hole  to  be 
drilled,  and  is  prevented  from  receding,  by  reason  of  the  action  of  the  drill, 
by  wedges  or  by  a  heavy  block  of  stone. 

The  weights  are  fixed  on  all  the  legs  in  a  manner  similar  to  that  adopted 
in  drilling  a  vertical  bore-hole. 

Fig.  71  shows  the  machine  drilling  a  horizontal  or  breast-hole. 

The  first  length  of  steel  is  then  placed  in  the  recess  or  chuck  end  of  the 
piston,  and  properly  tightened  by  means  of  the  U-bolt  and  nuts.  This 
operation  has  to  be  performed  as  each  succeeding  length  of  steel  is  required. 

The  connection  between  the  pipes  conveying  the  motive  power,  whether 
steam  or  compressed  air,  is  made  by  a  suitable  length  of  heavy  hose  marline 
wound  for  the  former,  and  wire  armoured  when  compressed  air  is  used. 
Before  attaching  the  hose  to  the  drill  it  is  advisable  to  turn  on  the  steam  or 
air  temporarily,  and  clear  out  any  foreign  matter  which  may  have  by 
accident  gained  access  into  the  feed  pipes  or  connections,  thereby  minimizing 
any  chance  of  injuring  the  working  of  the  valve.  In  commenciug  the  drill- 
ing of  a  bore-hole,  whether  the  rock  is  at  right  angles  or  in  a  slanting 
direction  to  the  axis  of  the  drill-bit,  it  is  advisable  to  go  slow  at  first ;  this 
is  accomplished  by  feeding  the  machine  with  the  cutting  tool  up  to  within 


Fio.  70.— Mufhine  drillhig  vertical  bore-hole.  [To  fart  ;<.  152. 


•  ••   ^1 


V 


•.It 


*      «. 
t      » 

I    • 


QUARRYING.  1 53 

an  inch  of  the  surface  of  the  rock  by  means  of  the  feed  screw.  As  the  rock 
is  penetrated  the  stroke  is  lengthened,  and  the  force  of  the  blow  increased 
so  as  to  attain  the  full  drilliTig  capacity  of  the  machine;  the  length  of 
stroke  varies  in  different  rock  drills,  that  of  the  '  Ingersoli-Sergeant '  being 
from  6  to  7  inches. 

In  tappet-actuated  valves  the  stroke  may  be  shortened  to  about  4  inches 
by  working  on  a  cushion  of  steam  or  compressed  air  in  the  cylinder,  the 
full  stroke  of  the  drill,  the  valve  of  which  is  operated  by  this  means,  being 
7  inches.  The  variable  stroke  alone  constitutes  a  very  great  advantage,  and 
a  rock  drill  possessing  this  property  will  start  a  bore-hole  in  half  the  time 
required  by  one  working  on  a  longer  stroke.  Again,  a  perfectly  straight 
bore-hole  is  also  easily  made  with  a  machine  having  a  variable  stroke. 
Another  advantage  possessed  by  a  rock  drill  with  a  variable  stroke  is  that 
the  stroke  can  be  shortened  should  a  bit  become  accidentally  fixed.  Many 
of  the  different  types  of  rock  drills  work  at  a  pressure  of  40  lbs.  to  the 
square  inch,  but  the  *  Ingersoli-Sergeant '  drill,  when  working  at  a  pressure 
of  from  70  to  80  lbs.  per  square  inch,  will  perform  a  greater  amount  of 
boring  in  proportion  to  the  difference  of  the  pressure  stated.  The  oiling  of 
the  valves  and  piston  is  effected  after  the  drill  has  been  at  work  some  little 
time,  and  when  the  condensed  steam  is  got  rid  of,  the  oil  being  applied  in 
small  quantities  at  frequent  intervals.  The  piston  should  be  kept  thoroughly 
lubricated,  in  order  that  the  friction  in  the  stuffing-box  may  be  reduced  to 
a  minimum. 

The  feed  or  forward  movement  is  regulated  by  the  feed  screw,  and 
depends  on  the  rapidity  with  which  the  cutting  edge  of  the  bit  penetrates 
the  rock. 

It  is  essential  to  expeditious  boring  that  the  drill-bit,  except  in  starting 
a  bore-hole,  should  be  fed  just  fast  enough  to  give  the  piston  its  full  stroke. 
When  fed  too  slowly  it  will  strike  the  front  head,  and  if  too  fast,  the  useful 
effect  of  the  cutting  tool  is  reduced,  and  the  power  expended  on  the  machine 
itself  instead  of  on  the  rock.  The  depth  to  which  a  bore-bole  should  be 
drilled  will  depend  greatly  on  the  size  of  the  rock  drill  employed  and 
the  class  of  work  undertaken.  For  holes  20  feet  deep,  experience  shows 
that  the  best  results  are  obtained  with  a  machine  having  a  cylinder  3^ 
inches  in  diameter.  The  hole  is  commenced  with  a  drill-bit  having  a 
cutting  edge  3  inches  wide,  and  is  finished  at  the  depth  stated  with  a 
1}  inch  bit 

For  general  handiness,  where  manual  labour  only  is  available  for  handling 
the  machine,  weight  being  an  influencing  factor  for  expeditious  work,  a  drill 
having  a  cylinder  diameter  of  3^  inches,  and  capable  of  boring  holes  to  a 
depth  of  14  or  18  feet,  is  to  be  recommended.  With  this  size  of  machine  a 
bore-hole  is  commenced  with  a  diameter  of  2^  inches,  and  finished  at  the 
depth  of  14  feet  with  a  drill-bit  1|  inches  across.     This  depth  and  diameter 
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of  bore-hole  admits  of  a  large  mass  of  rock  being  easily  dislodged  by  means 
of  high-grade  explosives  and  electric  blasting. 

The  feed  or  forward  movement  of  this  class  of  drill  is  24  inches,  con- 
sequently with  each  succeediog  length  of  steel  there  is  an  advance  of  two 
feet  until  the  desired  depth  is  reached.  The  condition  which  the  cutting 
edge  of  the  drill-bits  will  present  after  boring  2  feet  will  depend  on  the  hard- 
ness of  the  rock,  and  on  the  care  exercised  in  hardening  and  tempering  them. 
In  average  whinstone,  and  even  in  granite,  a  drill-bit  if  properly  dressed  and 
tempered  may  be  used  a  second  time,  and  in  many  instances  one  drill-bit 
has  been  used  in  boring  6  feet, — that  is,  made  use  of  three  times  before  being 
returned  to  the  smithy  to  be  re-sharpened. 

It  is  a  remarkable  fact  that  the  wear  of  the  cutting  edge  of  a 
machine  drill-bit  working  in  hard  rock  will,  for  a  given  amount  of  boring, 
be  only  ^  or  |  that  of  a  hand-boring  bit  Keeping  the  bore-hole  clear 
of  the  chippings  is  a  matter  requiring  some  attention,  the  actual 
amount  of  boring  being  increased  at  least  30  per  cent,  by  using  water 
in  the  bore-hole ;  this  also  serves  the  purpose  of  converting  the  dust  into 
sludge,  which  can  be  readily  removed  by  the  '  scraper.'  A  much  better  and 
at  the  same  time  quicker  appliance  for  removing  the  sludge,  is  the 
small  pump  shown  in  fig.  72,  having  a  ball  or  catch  valve  working  at  the 
bottom  end  of  the  pump,  which  allows  the  liquid  to  be  forced  up  the  tube 


Fig.  72.— Borehole  pump. 

to  a  certain  point,  on  the  return  of  which  the  valve  falls  and  retains 
the  contents,  which  are  then  removed  from  the  bore-hole.  A  piece  of  ^-inch 
iron  rod  is  attached  to  the  pump  and  forms  the  handle ;  it  should  be  of 
suflScient  length  to  easily  reach  the  bottom  of  the  deepest  bore-hole. 
The  pumping  is  performed  at  each  change  of  bit ;  it  is  necessary  at  times, 
however,  to  remove  the  steel  and  clean  out  the  bore-hole  before  the 
drill-bit  has  penetrated  the  rock  to  its  full  length;  but  as  this  involves 
an  unnecessary  loss  of  time,  such  delay  should  be  avoided  by  keeping 
up  a  good  supply  of  water.  When  the  debris  formed  by  drilling  is  of  a 
viscous  nature  and  adheres  to  the  steels,  it  may  be  advisable  to  direct  a  jet 
of  steam  through  a  small  piece  of  piping  inserted  into  the  bore-hole  and 
attached  to  the  steam  hose ;  this  will  effectually  clean  out  the  sludge  when 
other  means  fail. 

When  the  steel  sticks  in  boring  through  seamy  rock  it  may  be  relieved 
by  striking  it  with  a  light  hammer ;  but  care  must  be  exercised  to  deliver 
the  blow  on  the  stock  of  the  drilling-bit,  and  not  on  the  piston  or  chuck.  If 
the  rotating  mechanism  fails  to  operate  after  the  drill-bit  strikes  a  blow,  the 
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cause  will  invariably  be  a  want  of  pressure  on  the  washer  at  the  back  head  of 
the  machine.  This  can  be  quickly  remedied  by  tightening  the  nuts  of  the 
side  bolts,  which  will  cause  the  back  head  springs  to  press  firmly  on  the  cap. 

108.  Work  done  by  a  Bock  Drill — ^The  amount  of  work  which  can  be 
accomplished  by  a  rock  drill  in  one  day  or  in  any  given  time,  depends  on 
the  capacity  of  the  machine  itself,  the  nature  of  the  rock  to  be  bored,  the 
manner  in  which  the  drill-bits  are  formed  and  tempered,  and  the  size  or 
diameter  of  the  hole  drilled. 

In  hard  solid  whinstone,*  two  feet  may  be  penetrated  in  five  minutes  with 
a  drill-bit  having  a  cutting  edge  2^  inches  across.  As  each  drill-bit  has, 
however,  to  be  replaced  by  a  longer  one  for  every  two  feet  drilled,  and  the 
bore-hole  also  requires  to  be  cleaned  by  pumping,  some  time  must  be  allowed 
for  this,  say  from  three  to  four  minutes  for  the  combined  operation.  Starting 
with  a  drill-bit  2^  inches  in  diameter,  a  depth  of  12  feet  can  usually  be 
accomplished  in  an  hour,  including  the  time  required  for  changing  the  bits 
and  pumping  out  the  bore-hole. 

As  the  machine  has  to  be  changed  from  one  point  in  the  quarry  to  another 
as  the  boring  proceeds,  the  actual  time  occupied  in  drilling  is  even  less  than 
this,  especially  when  shallow  bore-holes  only  are  resorted  to. 

The  actual  work  done  in  a  day  of  nine  hours  will  depend  on  the  number 
of  times  the  machine  is  changed  from  one  point  to  another,  and  on  whether 
the  nature  of  the  rock  is  solid  or  seamy.  The  time  occupied  in  changing 
the  machine  and  starting  another  bore-hole  will  depend  to  a  certain  extent 
on  the  distance  to  which  the  drill  may  have  to  be  taken,  and  on  the  irregular 
nature  of  the  rock  surface.  It  is  also  contingent  on  the  aptitude  of  the 
drill  operator.     The  average  time  required  is  from  10  to  15  minutes. 

It  is  obvious  that  when  the  machine  has  to  be  removed  often  during  a 
day's  work,  the  time  so  occupied  will  bear  a  considerable  proportion  to  the 
time  actually  expended  in  drilling. 

Taking  all  these  circumstances  into  consideration,  it  will  be  evident  that 
no  criterion  as  to  the  capacity  of  a  rock  drill  can  bo  formed  by  simply  putting 
it  to  work  on  a  block  of  stone  for  a  few  minutes.  A  complicated  machine 
might  do  good  work  in  a  short  space  of  time,  and  yet  be  entirely  useless  in 
practical  service.  All  those  who  are  interested  in  quarrying  operations 
should  consider  this  matter  carefully,  and  adopt  those  machines  only  that 
are  made  on  proper  principles,  and  are  capable  of  withstanding  the  usage 
incidental  to  this  class  of  work. 

The  actual  amount  of  boring  which  can  be  performed  in  a  given  time  either 
for  comparison,  or  in  order  to  determine  the  cost  per  lineal  foot  of  hole  drUled, 
can  be  arrived  at  only  by  averaging  the  day's  work  over  a  considerable  period 
of  time.  In  solid  rock  the  author  has,  with  an  *  IngersoU-Sergeant '  drill, 
bored  70  feet  of  vertical  holes  in  one  day  of  ten  hours ;  this  is,  however,  too 
*  This  generic  term  applies  to  each  rocks  as  andesite,  basalt,  dolerites,  etc 
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great  an  amount  of  work  for  every-day  practice,  aa  in  boring  through  fissured 
rock,  the  actual  performance  may  only  amount  to  35  feet,  and  even  less  in 
extreme  cases. 

The  experience  gained  in  working  this  particular  type  of  rock  drill  for 
a  number  of  years,  taking  all  classes  of  rock  into  consideration,  and  work- 
ing under  varying  conditions,  shows  that  the  amount  of  boring  which  can  be 
accomplished  averages  42  feet  per  day  of  nine  hours,  each  hole  being  of  an 
average  depth  of  from  10  to  14  feet,  the  cutting  edge  of  bit  used  being 
2^  inches  across  the  mouth,  and  finishing  at  the  bottom  of  a  14-feet  bore- 
hole at  If  inches,  or  an  average  diameter  of  2^  inches.  In  calculating  the 
amount  of  work  done,  either  by  hand  or  by  machine  drills,  it  is  advisable  to 
follow  some  standard  in  determining  the  amount  of  drilling  performed,  so 
that  a  comparison  may  be  made  of  the  relative  merits  and  drilling  capacity 
of  manual  labour  on  the  one  hand,  and  of  the  different  types  of  rock-drilling 
machines  in  use  on  the  other.  The  cylindrical  inch  of  hole  bored,  previously 
mentioned,  affords  a  ready  means  to  this  end,  and  when  applying  this  method 
in  calculating  the  results  of  an  average  day's  drilling,  namely,  42  feet,  it 
will  be  found  that  this  amounts  to  1071  cylindrical  inches  of  hole  bored,  or 
119  per  hour.  These  figures  include  the  time  occupied  in  removing  the 
machine  from  one  point  in  the  quarry  to  another,  changing  the  steels,  and 
pumping  out  the  bore-holes.  As  already  stated,  a  12-feet  hole  may  be 
drilled  in  one  hour,  including,  of  course,  the  necessary  time  for  changing  bits, 
etc.;  this  amounts  to  315  cylindrical  inches  of  hole  bored  in  that  time. 
From  these  results  it  is  evident  how  essential  it  is  to  drill  deep  bore-holes, 
in  order  to  avoid  the  delay  occasioned  by  the  repeated  changing  of  the 
machine,  during  which  time  the  drill  is  not  working.  In  the  event  of  bore- 
holes of  shallow  depth  being  adopted,  as  is  sometimes  done,  it  is  very 
evident  that  changing  the  position  of  the  machine  repeatedly  will  occupy 
nearly  as  much  time  as  the  actual  drilling,  in  which  case  the  least  possible 
advantages  are  attained  by  employing  rock-drilling  machines. 

The  means  by  which  rock  drills  are  actuated,  as  already  mentioned,  is 
compressed  air  or  steam.  In  large  quarries  where  boring  operations  arc 
carried  on  during  the  greater  part  of  the  year,  and  probably  employing  a 
large  number  of  drills,  the  most  suitable  and  economical  motive  power  is 
compressed  air,  which,  besides  these  important  considerations,  serves  as  a 
means  of  preserving  a  clear  atmosphere  at  the  working  face,  and  adds  con- 
siderably to  the  best  possible  conditions  for  carrying  on  the  operations. 

In  establishing  a  compressed  air  plant  it  is  necessary  to  supply  a  com- 
pressor capable  of  providing  a  sufficient  pressure  for  the  number  of  rock 
drills  which  may  be  at  work,  the  air  being  conveyed  in  pipes  of  relatively 
large  diameter.  By  using  compressed  air  as  the  motive  power  for  rock  drills, 
it  is  immaterial  at  what  distance  the  compressor  is  situated  from  the  point 
where  the  drilling  operations  are  being  carried  on,  as,  provided  there  is  no 
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leakftge,  the  pressure  of  the  flnid  working  the  drills  is  practically  the  same 
as  at  the  compressor.  In  other  words  there  is  little  or  no  loss  of  pressure 
between  the  point  of  compressing  the  air  and  that  of  using  the  compressed  air. 

In  quarries  where  the  work  is  carried  on  in  an  intermittent  manner,  such 
an  expensive  plant  as  has  been  described,  while  possessing  many  practical 
advantages,  could  not  be  economically  employed.  It  is  necessary,  therefore, 
to  make  use  of  a  boiler  to  generate  steam  for  actuating  the  drill  or  drills. 
The  most  serious  objection  to  the  use  of  steam  for  this  purpose  is  that  at 
certain  times  of  the  year,  owing  to  the  humidity  of  the  atmosphere,  steam 
hangs  about  the  working  face,  and  greatly  impedes  the  movements  of  the 
workmen. 

A  boiler  generating  steam,  to  be  of  any  practicable  use  for  such  work, 
must  be  placed  as  near  as  possible  to  the  point  at  which  the  drill  is  working, 
80  that  the  steam  may  be  had  as  dry  as  possible.  If  the  distance  between 
these  two  points  be  great,  the  steam  in  going  through  the  long  line  of  pipes 
becomes  condensed,  which,  combined  with  the  less  effective  pressure,  places 
the  working  of  the  machine  at  a  great  disadvantage.  This  points  to  the 
necessity  of  the  boiler  being  placed  on  wheels,  so  that  it  can  be  readily  run 
from  one  point  to  another  along  the  quarry  face. 

The  pipes  conveying  steam  as  a  motive  power  should  be  of  as  small 
diameter  as  is  consistent  with  the  work  to  be  done,  as  the  condensation  on  a 
large  surface  would  be  prejudicial  to  effective  and  economical  working. 

In  quarrying  rock  for  road  purposes  the  usual,  and,  in  fact^  the  only 
suitable  way  of  providing  the  motive  power  is  by  means  of  a  road  or  trac- 
tion-engine, which,  besides  supplying  the  requisite  steam  for  operating  the 
drill,  can  be  utilized  for  removing  the  drilling  plant,  and  sleeping  van  for  the 
use  of  the  workmen,  from  quarry  to  quarry  as  occasion  requires. 

The  connection  with  the  boiler  should  be  so  placed  that  the  steam  for 
working  the  drill  may  be  had  as  dry  as  possible.  It  is  advisable  when  the 
drilling  plant  is  once  started  in  a  quarry,  although  only  a  small  quantity  of 
material  may  be  required,  to  drill  a  sufficient  number  of  bore-holes  which 
can  be  blasted  from  time  to  time  as  necessity  arises.  The  reason  for  this 
is,  that  to  change  the  plant  from  one  quarry  to  another  every  day  or  second 
day  increases  the  cost  of  drilling  operations  considerably,  by  reason  of  the 
time  occupied  in  travelling  between  the  different  quarries.  It  will  be 
apparent  that  the  cost  of  drilling  may  be  increased  to  twice  what  it  should 
be  by  unnecessary  changing  from  quarry  to  quarry,  involving  in  some 
instances  a  whole  day,  before  a  sufficient  amount  of  actual  work  can  be 
performed  in  proportion  to  the  time  occupied.  In  other  words,  the  time 
spent  in  travelling  to  a  quarry  for  one  day's  drilling,  which  may  be  sufficient 
in  order  to  produce  the  requisite  quantity  of  material  for  immediate  pur- 
poses, will  involve  an  increase  of  cost  compared  with  the  same  time  and  expen- 
diture spread  over  a  working  period  of  from  one  to  three  weeks'  duration. 
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164.  Blasting. — ^In  the  foregoing  pages  the  tools  and  machines  used  in 
rock  boring,  and  the  conditions  necessary  to  be  observed  in  placing  the  bore- 
holes, a  matter  of  the  highest  importance,  have  been  considered ;  it  now 
remains  to  describe  the  methods  adopted  in  charging  and  firing  them,  and 
the  different  kinds  of  explosives  used  for  this  particular  class  of  work. 

When  it  is  advisable  to  simply  rend  the  mass  of  rock  so  that  blocks  may 
be  obtained  as  large  as  possible,  it  is  necessary  to  make  use  of  an  explosive 
having  a  comparatively  slow  action.  In  the  case  of  procuring  material  for 
road  metal  quite  an  opposite  effect  is  desirable,  pointing  to  the  necessity  of 
employing  an  explosive  having  an  extremely  rapid  and  violent  action,  which 
will  shatter  the  mass  of  rock  sufficiently,  and  obviate,  as  much  as  possible, 
the  necessity  of  after  manipulation. 

In  blasting  rock  from  which  dimension  stones  are  to  be  produced, 
gunpowder  is  sometimes  used ;  but  special  qualities  of  blasting  powder  are 
manufactured  to  suit  the  nature  of  the  rock  and  the  class  of  work  for  which 
it  is  intended. 

Gunpowder  as  a  Blasting  Agent. — Gunpowder,  the  grains  of  which 
are  small,  is  more  rapid  in  action  than  coarse-grained  powder;  the  ex- 
plosion of  the  latter  is  adapted  to  simply  rend  and,  by  its  slow  moving  and 
accumulative  force,  dislodge  the  mass  of  rock.  Gunpowder  is  termed  a 
direct  explosive  agent,  that  is,  its  force  can  be  developed  by  direct  means, 
such  as  ignition;  it  can  also,  however,  be  detonated  by  indirect  means, 
which  materially  increases  its  explosive  effect. 

The  composition  of  the  blasting  powder  generally  used  in  Great  Britain 
is  75  per  cent,  saltpetre,  10  per  cent,  sulphur,  and  15  per  cent,  charcoal. 
Dynamite  of  a  low  grade,  or  containing  a  small  percentage  of  nitro-glycerine, 
may  be  adopted  with  advantage  at  times  for  blasting  rock  under  the  con- 
ditions mentioned. 

Bjgh'gTBde  Explosives. — The  high  explosive  effect  necessary  to  shatter 
the  class  of  rocks  used  for  macadamizing  purposes,  such  as  whinstone,  is 
best  obtained  with  high-grade  nitro-glycerine  compounds,  fired  by  electricity. 
These  high-grade  explosives  are  termed  indirect  explosive  agents,  as  they 
require  an  intermediary,  such  as  a  fulminate  detonator,  to  cause  them  to 
explode  properly. 

The  nitro-compound  explosives  of  high  grade  are : — 

Blasting  gelatine  No.  1,  which  contains  94    per  cent,  nitro-glycerine. 
Gelatine-dynamite,  „  74 

Gelignite,  „  63J 

Dynamite  No.  1,  ,,  75 

Blasting  gelatine  is  composed  of  collodion  cotton,  which  is  transformed 
into  a  jelly-like  mass  by  being  acted  upon  and  dissolved  by  the  nitro- 
glycerine. 

Dynamite  is  composed  of  nitro-glycerine  and  a  diatomaceous  earth  called 
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*  Kieselguhr '  or  eartih  meal,  found  in  some  of  ttie  moors  in  Scotland  and  in 
Germany. 

Blasting  gelatine  has  an  explosive  energy  50  per  cent,  greater  than  No.  1 
dynamite ;  hnt  its  action  heing  slower,  the  effect  is  much  less  shattering. 
It  is  specially  adapted  for  rending  tough  rock  and  dislodging  it  in  large 
masses.  Dynamite  heing  a  rapid  and  violent  explosive,  produces  its  effects 
very  suddenly,  and  is  therefore  hotter  adapted  and  fulfils  the  conditions 
necessary  for  supplying  material  for  macadamizing  purposes  hy  dislodging 
and  reducing  the  rock  to  a  size  which  saves  suhsequent  sledging;  con- 
sequently the  cost  of  quarrying  is  lessened. 

If  hlasting  powder  is  used  in  preference,  or  through  some  conservative 
idea  that  its  effects  are  hetter  in  comparison  with  those  of  the  nitro-glycerine 
explosives  for  a  similar  purpose,  it  is  necessary  either  to  make  larger  hore- 
holes  or  to  increase  the  numher,  to  ohtain  corresponding  results. 

It  will  be  evident  that  in  drilling  bore-holes  purposely  to  make  use  of 
blasting  powder  as  the  explosive  agent,  the  cost  of  boring  is  unnecessarily 
increased. 

From  these  observations  it  is  obvious  that  the  most  economical  results 
are  obtained  by  drilling  deep  bore-holes  with  a  rock  drill,  and  employing 
high-grade  explosives  to  dislodge  the  rock  operated  upon,  so  as  to  reduce  it 
to  suitable  dimensions. 

1^.  Different  ExplofiiveB  in  relation  to  Wet  Bore-holes. — In  quarry- 
ing operations  wet  bore-holes  have  to  be  contended  with,  according  to  the 
position  of  the  quarry  and  the  season  of  the  year  in  which  the  work  is 
carried  out.  In  such  circumstances,  blasting  powder,  unless  in  waterproof 
cartridges  and  used  without  stemming,  is  not  permissible,  as  moisture 
detracts  from,  and  in  most  cases  destroys,  its  usefulness  as  an  explosive  agent. 

Dynamite  when  retained  in  the  parchment  covering  is  not  liable  to  be 
thus  affected,  but  in  '  pressing  home '  this  explosive  in  a  bore-hole  the  effect 
is  to  considerably  alter  the  form  of  the  cartridge,  exposing  the  dynamite  to 
the  action  of  the  water,  when  it  exists.  In  charging  the  shot-holes  under 
these  conditions  the  nitro-glycerine  exudes  from  the  'Kieselguhr,'  which 
greatly  impairs  its  explosive  effect.  In  extreme  cases  where  an  accumulation 
of  water  in  a  bore-hole  is  such  that  the  dynamite  might  be  materially 
affected,  it  is  advisable  to  use  blasting  gelatine,  as  this  form  of  the  nitro- 
compounds is  practically  unaffected  by  water. 

The  relative  cost  of  the  different  kinds  of  the  nitro-glycerine  class  of 
explosives  may  determine  to  a  certain  extent  which  of  them  should  be 
employed  in  particular  circumstances.  Nobel  states  that  dynamite  is  about 
six  times,  and  blasting  gelatine  nine  times,  as  strong  as  blasting-powder. 

166.  Conditions  and  Peculiarities  of  fl[igh-grade  Ezplodves. — Dyna- 
mite may  be  'too  dry,'  owing  to  a  deficiency  of  nitro-glycerine  in  the 
absorbent;  it  may  also  be  over-saturated,  when   the  cartridges  will  feel 
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greasy  to  the  touch,  which  may  be  caused  by  storing  the  explosive  in  a  badly 
ventilated  place.  In  the  former  case  the  effect  of  detonation  may  only  cause 
a  partial  explosion  in  the  bore-hole,  while  the  residue  will  simply  bum 
away,  and  give  off  verj^  foul  gases.  Dynamite,  and  the  other  nitro-glycerine 
explosives,  should  be  in  a  plastic  state  when  placed  in  the  bore-holes ;  they 
have  the  disadvantage,  however,  of  freezing  at  a  comparatively  high  tempera- 
ture— dynamite  losing  its  plasticity  at  40°  F.,  while  blasting  gelatine  becomes 
insensitive  at  a  temperature  of  45**  F.  It  may  take  days  to  thoroughly 
thaw  frozen  dynamite,  while,  on  the  other  hand,  it  m&y  be  exposed,  when  soft^ 
for  days  to  a  temperature  below  32**  F.  without  losing  its  plastic  condition. 

Frozen  dynamite  requires  a  high  initial  detonation  to  explode  it,  and 
when  in  this  state  it  is  somewhat  dangerous,  owing,  it  is  believed,  to  the 
breaking  of  the  crystals  causing  some  peculiar  molecular  action,  which  at 
times  has  brought  about  accidental  explosions. 

Special  warming-pans  are  provided  for  thawing  frozen  dynamite,  or  even 
when  it  is  in  a  slightly  hard  state ;  the  process,  however,  is  a  slow  one  when 
large  quantities  of  explosives  have  to  be  treated.  The  warming-pans  consist 
of  two  galvanized  zinc  vessels,  one  inside  the  other,  the  interspace  being 
filled  with  hot  water  and  protected  on  the  outside  with  felt  to  retain  the 
heat.  The  frozen  explosive  is  placed  in  the  centre  and  covered  with  a  lid ; 
these  warming-pans  holding,  according  to  size,  from  2^  lbs.  to  5  lbs.  It 
is  essential  that  the  inside  of  the  warming-pans  be  kept  thoroughly  clean, 
so  as  to  reduce  any  possible  chance  of  danger  to  a  minimum.  When  repairs 
are  necessary,  the  parts  should  be  previously  washed  with  a  solution  of  2 
parts  of  caustic  soda  and  2  parts  of  alcohol  to  96  parts  of  water,  so  that  any 
nitro-glycerine  which  may  be  deposited  in  the  crevices  will  be  destroyed. 

It  is  a  difficult  matter  to  keep  the  explosive  which  has  been  thawed  in 
a  thorouglily  plastic  condition,  until  the  requisite  quantity  is  so  treated, 
previous  to  charging  the  bore-holes.  Especially  is  this  the  case  during  cold 
weather  in  open  quarry  work,  removed,  as  is  usually  the  case,  from  any 
kind  of  shelter.  A  very  speedy  and  effective  method  of  thawing  and 
keeping  nitro-compounds  in  a  plastic  condition  for  immediate  use  may  be 
carried  out  in  the  manner  described  in  par.  167,  and  when  ordinary  care  is 
exercised,  little  or  no  fear  need  be  apprehended  as  to  the  results.  It  must, 
however,  be  remembered  that  these  explosives  detonate  when  heated  above 
366°  F.,  and  that  cliemical  changes  take  place  in  dynamite  above  158'  F. 

167.  Warm  stable  manure  is  spread  to  a  depth  of  one  foot  on  the 
ground  adjacent  to  the  quarry  where  the  blasting  is  to  take  place,  and  of  a 
sufficient  area  to  accommodate  the  quantity  of  explosive  necessary,  allowing 
a  free  space  between  the  boxes.  The  boxes,  containing  50  lbs.  of  explosive 
material,  are  then  placed  on  this  layer,  and  the  lids  partially  opened,  when 
a  quantity  of  manure  is  spread  over  and  between  them,  and  allowed  to 
remain  until  the  explosive  material  is  thoroughly  thawed  and  in  a  plastic 
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condition.  Care  shonld  be  exercised  to  avoid  a  high  temperatare,  as  abeady 
explained,  for  which  purpose  a  thermometer  may  be  advantageously  applied 
at  seTeral  points  to  ascertain  the  maximum  heat,  and,  when  necessary,  the 
heat  can  be  reduced  by  removing  some  of  the  manure. 

1G8.  Determining  the  Obaige.— It  is  a  somewhat  difficult  matter  to 
calcnh&te  exactly  the  amount  of  explosive  necessary  to  efifect  the  purpose 
intended.  The  conditions  may  vary  considerably  at  each  bore-hole;  the 
natural  planes  in  many  cases  aid  the  operations ;  while  when  the  nitro- 
glycerine explosives  are  used  it  is  easier  to  blast  seamy  rock  than  a  solid, 
tough  mass  of  rock.  The  volume  of  material  loosened  may  be  taken  as 
approximately  proportional  to  the  cube  of  the  line  of  least  resistance,  which 
is  generally  the  shortest  distance  from  the  charge  to  the  surface  of  the  rock ; 
the  proportion,  however,  varies  in  different  cases,  but  may  be  roughly 
estimated  at  twice  that  cube.  "  In  ordinary  blasts  the  proportion  of  the 
weight  of  the  rock  loosened  to  that  of  powder  used  ranges  from  4500  to  I 
to  nearly  13,000  to  1,  and  is  on  an  average  about  6000  to  1  or  7000  to  1. 
The  ratio  of  the  number  of  pounds  of  powder  to  the  cube  of  the  number  of 
feet  in  the  line  of  least  resistance  ranges  from  1  to  32  to  1  to  10."  * 

Road-stone  quarries  generally  permit  of  a  systematically  planned  method 
of  working  being  carried  out,  and  especially  is  this  the  case  in  blasting  the 
rock,  although  the  amount  of  the  charge  cannot  be  determined  with 
mathematical  exactness.  An  approximate  calculation  can  be  made,  how- 
ever, sufficient  for  all  practical  purposes,  with  a  view  to  fix  the  quantity  of 
explosive  necessary  to  loosen  a  mass  of  rock  by  proceeding  in  the  following 
manner,  a  system  which  the  author  has  adopted  and  made  use  of  for  years 
past  with  satisfactory  results.  The  cubic  contents  or  burden  of  the  rock 
surrounding  each  of  the  bore-holes  is  calculated  in  relation  to  the  adjacent 
ones,  allowance  being  made  of  about  one-fourth  the  depth  of  the  bore- 
hole beyond  its  position  towards  the  solid  and  also  below  the  bottom  of  the 
hole  as  the  probable  boundary  line  where  the  available  effect  of  the  explosive 


To  illustrate  this,  let  ^g,  73  represent  a  quarry  face  about  30  feet  long 
with  three  bore-holes  placed  as  shown,  14  feet  deep;  the  probable  lines  of 
fracture  or  crater  are  shown  by  dotted  lines.  Shot-hole  No.  1  is  situated 
1 1  feet  from  the  face  and  10  feet  from  No.  2,  and  the  free  end  towards  a  c 
is  shown  as  5  feet;  therefore  the  contents  of  the  mass  of  rock  a  b,  d  c 
(taking  17  feet  as  the  probable  depth  which  will  be  affected),  represents 
(10  X  14  X  17)  a  2380  cubic  feet,  which,  allowing  13  cubic  feet  in  the  solid 
to  each  ton  of  rock,  amounts  to  about  183  tons.  The  contents  or  burden 
surrounding  the  other  shot-holes  are  calculated  in  a  similar  manner.  Should 
the  shot-holes  be  fired  singly,  the  line  of  rupture  will  not  follow  the  dotted 
lines  ab^  d  e  but  may  be  approximately  represented  at  e,  /,  ^,  when  the 
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qaaatity  of  rock  dislodged  may  only  amoant  to  aboat  120  tons.  If  blasting 
powder  is  used,  and  the  shot-holes  are  fired  singly,  experience  demonstrates 
that  I  lb.  of  this  explosive  can  move  from  3  to  4  tons  of  rock,  and  in  the 
case  referred  to  a  total  quantity  of  30  lbs.  would  be  required  in  order  that 
the  charge  should  be  strong  enough  to  overcome  the  resistance  presented  by 
the  cohesion  of  the  rock.      This  is  on  the  assumption  that  the  bore-hole 
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could  contain  this  quantity  of  powder  and  admit  of  a  sufficient  amount  of 
tamping  being  placed  on  the  top,  otherwise  part  of  the  charge  would  be 
blown  out,  diminishing  its  useful  effect,  and  at  the  same  time  throwing  the 
shattered  rock  at  the  mouth  of  the  bore-hole  in  all  directions. 

In  the  event  of  the  shot-holes  Nos.  I,  2,  and  3  being  fired  simultaneously 
by  electricity,  then  1  lb.  of  blasting  powder  will  throw  down  from  5  to  6 
tons  of  rock,  hence  in  the  case  of  No.  1  hole  rather  more  than  36  lbs.  will 
be  required  to  dislodge  the  mass  ab,  d  c,  or  183  tons  of  rock. 

It  is  evident,  therefore,  that  simultaneous  blasting,  even  when  using 
blasting  powder,  gives  better  results  than  when  the  shot-holes  are  fired 
singly,  in  very  hard  and  tough  rock  the  effect  of  blasting  with  blasting 
powder  as  an  explosive  agent  is  such  that  the  mass  of  rock  is  simply  dis- 
lodged ;  the  large  size  of  the  blocks  of  stone  resulting  necessitates  an 
additional  expenditure  to  reduce  them  sufficiently,  by  means  of  plug-holes, 
for  the  purpose  of  sledging.  This  work  is  performed  by  boring  a  hole 
f  of  an  inch  in  diameter  in  the  block,  and  about  1  or  2  feet  deep, 
inserting  powder,  tamping,  and  firing  the  charge,  so  that  it  may  be  split  in 
several  directions,  and  reduced  to  pieces  of  a  suitable  size  for  sledging. 
This  on  an  average  requires  from  5  to  10  lbs.  of  powder  extra  for  each 
100  tons  of  rock,  and  the  inclusive  cost  of  this  drilling  operation  may 
amount  to  2d.  per  ton  quarried.  This  extra  work,  in  addition  to  the 
mashing  or  sledging,  which  is  an  item  involving  considerable  expenditure, 
will  be  explained  in  detail  further  on. 

On  the  other  hand,  if  dynamite  containing  75  per  cent,  of  nitro-glycerine 
is  employed  as  the  explosive  agent,  the  quantity  necessaiy  to  dislodge  and 
effectually  shatter  the  same  mass  of  rock,  e,  f,  g  (fig.  73),  would,  firing  the 
shot  singly,  amount  to  12  lbs.  In  the  event  of  all  the  shot-holes  being  fired 
simultaneously,  which  is  the  only  economical  method,  then  the  quantity  of 
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dynamite  necessary  for  sbot-hole  No.  1,  allowing  13  to  14  tons  of  throw  for 
each  poond  of  explosive  used,  would  be  about  14  lbs.  for  the  larger  quantity 
of  rock,  namely,  183  tons. 

In  dimension-stone  quarries,  where  the  material  is  dislodged  in  large 
pieces,  a  considerable  amount  of  work  is  entailed  in  reducing  them  by  means 
of  plug-holes  and  blasting.  Formerly  the  plug-hole  was  usually  made  by 
hand-drilling,  but  the  pneumatic  hammer  has  been  introduced  for  this 
purpose.  This  tool^  which  is  an  adaptation  of  Beyer's  patent  hammer  for 
caulking  boilers  and  chipping  purposes,  can  make  a  plug-hole  1  inch  diameter 
and  12  inches  deep  in  three  minutes.  Undoubtedly  the  pneumatic  hammer 
has  a  great  future,  as,  besides  being  capable  of  boring  holes,  it  can  be  applied 
for  dressing  the  hardest  rocks,  which  has  long  been  a  desideratum  in  the 
granite  industry. 

The  relative  strength  of  the  two  blasting  agents  mentioned  has  been 
ascertained  by  the  'ballistic'  test,  and  experience  shows  that  in  the 
generality  of  cases  the  figures  given  may  be  relied  upon  when  blasting  any 
mass  of  rock,  provided  the  conditions  as  to  drilling  the  bore-holes  have  been 
observed.  It  is  necessary,  however,  to  carefully  inspect  the  fissures  and 
charaoteristic  features  of  the  rock,  as  the  position  of  the  bore-hole  in  a 
mass  of  rock  may  be  to  a  certain  extent  locked  or  keyed,  under  which 
circumstances  an  additional  quantity  of  explosive  may  be  advantageously 
used.  Blasting  gelatine,  as  already  stated,  is  about  nine  times  stronger 
than  blasting  powder;  but  we  may  assume  it  to  be  only  eight  times  as 
strong,  as  this  figure  harmonizes  best  with  the  results  obtained  in  practice. 
Consequently,  in  firing  the  shot-holes  simultaneously  by  electricity,  the 
quantity  of  this  explosive  necessary  for  charging  bore-hole  No.  1  (fig.  73) 
would  be  about  5  lbs.  The  effects  of  blasting  gelatine,  however,  are  slower 
in  action  than  dynamite,  so  that  the  mass  would  be  brought  down  in 
large  blocks,  necessitating  plug-holes  and  the  employment  of  additional 
explosive  to  reduce  the  stones  to  suitable  dimensions.  Increasing  the 
calculated  quantity  of  blasting  gelatine  to,  say,  8  or  9  lbs.  would  only  have 
the  effect  of  partially  shattering  the  rock,  while  the  mass  would  in  all 
probability  be  thrown  to  a  considerable  distance,  necessitating  its  being 
recovered  and  deposited  at  the  quarry  face.  In  extremely  tight  places  in  a 
quarry  face  blasting  gelatine  will  burst  and  throw  a  mass  of  rock,  while 
dynamite  will  only  shatter  it  without  dislodging  it. 

The  same  process  is  carried  out  in  determining  the  charges  for  the  other 
shot-holes,  and  although  it  occupies  some  time  and  is  only  approximately  accu- 
rate, it  is  nevertheless  an  infinitely  better  method  than  that  usually  adopted 
of  fixing  the  amount  of  explosive  necessary  to  discharge  a  mass  of  rock  '  by 
sight'  The  latter  method  of  fixing  the  quantity  of  explosive  required,  or,  as 
it  proves  to  be  in  most  cases,  guessing,  is  a  'rule-of-thumb'  system  of  arriving 
at  the  desired  results,  for,  in  such  cases,  it  is  usually  found  that  the  quantity 
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of  explosive  used  was  either  too  much  or  too  little  for  the  work  to  be  done. 
Overcharging  the  shot-holes  is  a  dangerous  practice,  and  should  be  carefully 
guarded  against  in  all  quarrying  operations. 

169.  The  position  and  direction  of  the  bore-holes  in  road-stone  quarry 
No.  2,  taken  from  actual  practice,  are  shown  in  fig.  74,  as  also  the 
quantity  of  explosive  (dynamite)  used  and  the  depth  of  each  shot-hole; 
for  instance,  in  ^  the  lower  figure  indicates  the  depth  of  the  bore-hole,  the 
upper  one  the  amount  of  charge  in  pounds,  while  the  holes  are  indicated  by 
the  numerals  1,  2,  3,  etc. 

The  quantity  of  explosive  used  in  each  shot-hole  was  determined  by  the 
method  described ;  in  the  top  holes  1  lb.  of  dynamite  was  allowed  for  dis- 
lodging 13  tons  of  rock,  while  in  the  bottom  holes  1  lb.  was  allowed  to 
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every  10  tons  of  rock.  The  total  quantity  of  material  calculated  as  likely  to 
be  dislodged  was  3400 ;  but  the  actual  quantity  of  rock  quarried  and  passed 
over  the  steelyard  was  3475  tons,  so  that  on  an  average  12^  tons  of 
rock  was  thrown  or  dislodged  and  broken  up  for  each  pound  of  explosive 
used.  The  appearance  of  the  quarry  face  during  drilling  operations,  and 
previous  to  blasting,  is  shown  at  fig.  92,  while  the  result  of  the  blasting, 
taken  immediately  after  the  shot  boles  were  fired,  is  represented  in  fig.  94. 

170.  Another  example  of  a  road-stone  quarry,  No.  3,  is  shown  in  fig.  75  ; 
the  position  and  direction  of  the  bore-holes,  and  the  quantity  of  explosive 
used  in  each,  are  represented  in  a  manner  similar  to  that  described  in  the 
preceding  paragraph ;  a  cross-section,  A  A,  and  the  quarry  face  are  shown  in 
fig.  76.  In  this  case  the  quarry,  although  formerly  in  use,  had  never 
been  blasted,  the  limited  quantity  of  metalling  required  each  season  having 
been  obtained  from  the  loose  material  on  the  top  by  means  of  bars  and 
wedges. 

The  rock  consists  of  basalt  of  a  very  tough  and  stubborn  nature  ;  con- 
sequently it  was  considered  advisable  to  place  the  bore-holes  closer  to  each 
other  than  in  the  cases  already  referred  to. 
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The  amount  of  rock  required  for  the  pnrposa  of  forming  a  nev  rood  in 
the  vicinity  was  2000  toua,  and  consideriug  the  nature  of  the  rock  it  wae 
deemed  advisable  to  work  within  a  safe  limit,  the  amount  of  the  cbai^ 
allowed  being  1  lb.  of  explosive  to  every  10  tons  of  rock.  The  appearance 
of  the  quarry  foce  previous  to  blasting  is  shown  in  fig.  95,  and  the  result 
obtained  is  represented  in  fig.  96. 

The  actual  quantity  of  rock  dislodged  and  broken  up  suitable  for 
sledging  turned  out,  after  weighing,  to  be  2102  tous,  or  equal  to  10|  tons 
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of  throw  for  each  pound  of  explosive  used.  The  actual  cost  of  drilling, 
charging,  and  blasting  in  these  two  quarries  is  given  in  detail  on  pp.  185 
and  186. 

171.  Charging  the  Shot-holes. — Before  commencing  the  operation  of 
charging  the  shot-holes,  it  is  necessary  to  remove  any  sludge  or  water  which 
may  be  in  them  by  the  means  already  describeJ,  iu  order  that  they  may  be 
rendered  as  dry  and  clean  as  possible.  Mois- 
ture will  cool  tlie  gases  produced  from  the 
explosive  when  fired,  and  therefore  a  part  of 
the  energy  is  nselesaly  expended  in  evaporat- 
ing it,  while  the  action  of  some  explosives 
is  lessened  or  prevented  by  it  If  blasting 
powder  in  a  looee  state  is  to  be  employed  as 
the  explosive  agent,  particular  care  should  be 
exercised,  for  the  reasons  given.  The  bore- 
holes ought  to  be  thoroughly  wiped  dry  by 
means  of  a  piece  of  tow  or  otiier  suitable  material  attached  to  the  eye  of 
the  acraper,  which  is  passed  slowly  up  and  down  the  bote-hole  to  absorb 
the  moistuRi. 


Flu.  76.— CruHs  section  at  A  A  of 
road-stone  qnarry  No,  S. 
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After  detennining  the  amount  of  the  charge  by  the  role  given,  the 
requisite  quantity  is  placed  in  the  shot-hole ;  if  the  explosive  is  blasting 
powder  in  a  loose  state  this  is  accomplished  by  means  of  a  tin  or  copper  tube, 
so  as  to  prevent  its  coming  in  contact  with  the  sides  of  the  bore-hole. 
Blasting  powder  is  also  made  up  in  cartridges  having  a  waterproof  covering, 
in  which  form  it  has  many  advantages.  One  pound  of  blasting  powder  in  a 
loose  state  occupies  about  30  cubic  inches,  and  27^  cubic  inches  when  pressed, 
80  that  the  quantity  to  be  placed  in  a  bore-hole  can  be  determined  exactly  by 
measurement.  Dynamite  and  the  gelatinous  explosives  are  made  up  in  cart- 
ridges with  paraffined  paper  wrappers,  and  are  generally  3^  inches  long  and 
1  inch  in  diameter  for  the  former  and  |ths  of  an  inch  for  the  latter.  Boxes 
containing  50  lbs.  are  subdivided  into  ten  cardboard  boxes  made  up  of  5  lbs, 
each.  The  number  of  sticks  to  a  pound  of  the  nitro-glycerine  explosives  can 
thus  be  easily  ascertained,  being  generally  eight  or  nine,  and  this  at  once 
is  a  measure  to  guide  the  foreman  quarryman  in  charging  the  shot-holes. 

The  plastic  nature  of  the  nitro-compounds  affords  a  great  practical  advan- 
tage in  charging,  as  it  admits  of  their  being  readily  rammed  home  into  the 
shot-hole,  so  as  to  fill  all  the  seams  and  crevices.  It  is  advisable,  in  order 
to  save  time  when  charging  machine-drilled  shot-holes,  to  place  three  sticks 
of  explosive  at  a  time  into  them,  instead  of  singly ;  this  is  done  by  tying 
them  together  with  a  piece  of  twine  previous  to  commencing  the  charging 
operations,  the  combined  thickness  being  sufficient  to  fill  the  lower  part  of 
a  14-foot  bore-hole.  They  are  then  dropped  into  the  vertical  holes,  and 
pushed  into  the  horizontal  ones,  to  the  required  number,  and  thoroughly 
rammed  home,  each  lot  of  three  separately,  by  means  of  a  tamping  rod 
made  of  wood,  without  using  undue  force ;  the  more  compact  the  cartridges 
are,  the  greater  will  be  the  effect  of  the  explosion.  Care  must  be  exercised 
in  seamy  rock,  the  bore-holes  in  which  may  be  irregular  or  ragged,  as  in 
some  instances  *  bunching '  of  the  explosive  takes  place.  These  conditions 
must  be  guarded  against  as  being  wasteful  of  explosive  material,  and  the  air 
space  formed  may  cushion  and  detract  from  the  force  exerted  in  blasting. 

If  a  charge  of  blasting  powder  is  to  be  fired  by  means  of  a  straw,  a  pointed 
metal  rod  of  small  diameter  called  a  pricker  is  placed  against  the  side  of  the 
bore-hole,  with  its  lower  or  pointed  end  in  the  charge.  The  tamping  is  then 
proceeded  with,  which,  considering  the  heaving  tendency  of  blasting  powder, 
requires  not  only  that  it  should  be  of  a  dense  nature,  as,  for  instance,  moist 
clay,  but  be  firmly  rammed.  The  pricker  is  then  carefully  withdrawn, 
leaving  a  circular  passage  through  the  tamping  down  to  the  charge.  Into 
this  passage  the  straw,  properly  filled  with  powder  of  fine  grain,  is  inserted ; 
the  charge  is  then  ready  for  firing.  This  method  of  firing  charges,  although 
defective  and  dangerous,  was  the  method  exclusively  adopted  years  ago. 

The  firing  of  a  powder  charge  is  generally  effected  by  means  of  a  safety 
fuse,  a  piece  of  which,  sufficiently  long  to  reach  from  the  top  of  the  chaise 
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and  to  project  a  few  inches  above  the  bore-hole,  is  placed  in  a  similar 
position  to  that  occapied  by  the  pricker  in  the  case  referred  to,  and  the 
tamping  proceeded  with  in  a  similar  manner  as  described  in  the  preceding 
paragrapL  Better  results  will,  however,  be  obtained  if  the  fuse  is  placed  in 
the  centre  of  the  charge  so  as  to  ensure  its  igniting  and  exploding  properly. 

It  is  a  well-established  fact  that  an  electrical  current  will  produce  a  more 
powerful  initial  impulse  in  firing  shot-holes  charged  with  powder  than  by 
the  ordinary  safety  fuse ;  this  method  of  blasting  will  be  described  presently. 

In  blasting  with  dynamite  and  the  other  nitro-compounds  as  the  explosive, 
the  firing  cannot  be  effectively  carried  out  by  safety  or  any  other  kind  of 
fuse  alone.  To  bring  about  instantaneous  decomposition  in  the  nitro- 
glycerine class  of  explosives  it  is  necessary  to  produce  in  their  midst  an 
explosion  of  some  other  substance.  This  is  effected  by  means  of  a  detonator, 
or  copper  capsule  containing  fulminate  of  mercury. 

A  short  piece  of  safety  fuse  with  a  clean-cut  end  is  inserted  into  the  open 
end  of  the  detonator  till  it  reaches  the  fulminate;  the  detonator  is  then 
pressed  tightly  round  the  fuse  by  the  aid  of  a  pair  of  pliers  specially  made  for 
the  purpose.  The  detonator  is  then  pushed  to  a  depth  equal  to  two-thirds 
of  its  length  into  the  primer,  a  hole  being  previously  made  in  the  primer 
by  means  of  a  small  round  piece  of  wood  having  a  similar  diameter  to  that  of 
the  cap  or  detonator,  the  paraffined  paper  wrapper  is  then  laid  over  and 
secured  to  the  fuse.  To  ensure  proper  detonation  the  safety  fuse  in  the  cap 
ought  not  to  touch  the  dynamite  primer,  as,  should  this  occur,  the  explosive 
may  become  ignited  previous  to  the  fulminate  of  mercury 
in  the  cap  exploding,  which,  besides  creating  noxious  fumes, 
would  detract  from  its  explosive  effect.  The  method  of  fixing  the 
fuse  and  the  other  details  necessary  are  shown  in  fig.  77,  a 
being  the  fuse,  b  the  detonator,  c  the  primer  or  cartridge  of 
dynamite,  and  d  where  the  paraffined  paper  wrapper  is  secured 
to  the  fuse  by  a  piece  of  twine. 

When  damp  or  wet  bore-holes  are  encountered,  it  is  advisable 
to  smear  the  connection  between  the  detonator  and  the  fuse  with 
tallow  or  some  other  kind  of  water-resisting  composition. 

It  is  a  common  practice  to  insert  a  paper  wad  on  the  top  ^^^  --  _^ 
of  the  primer  and  detonator  before  the  tamping  is  commenced ;  Dynamite 
this  forms  a  cushion  and  protects  the  detonator.  primer  and 

When    a  number  of  shot-holes  are  to   be  blasted  simul-     ordinary 

fuse 

taneously,   the  employment    of  electricity  to    fire   the  charge 
presents  numerous  and  great  advantages;  even   in  single-shot  firing  it  is 
much  superior  to  the  safety  fuse  and  detonator  by  its  producing  a  greater 
useful  effect. 

172.  Electric  Detonator  Fuses.— These  consist  of  a  charge  of  explosive 
compound,  usually  fulminate  of  mercury,  suitably  placed  in  the  circuit  of  an 
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electric  current,  and  acted  upon  in  a  manner  and  degree  sufficient  to  produce 
an  explosion.  The  mode  in  which  the  current  of  electricity  is  made  to  act 
depends  on  the  source  or  manner  in  which  it  is  generated,  being  either  of 
high  intensity  but  small  in  quantity,  or  of  low  tension  and  of  great  quantity. 

Two  kinds  of  electrical  exploders  are  therefore  manufactured,  consisting 
of  three  types  to  suit  these  two  different  conditions  or  sources  from  which 
the  electric  current  is  produced.  These  three  types  are  the  dot  detonator, 
fig.  78,  the  bridge  detonator,  fig.  79,  and  the  incandescent  detonator,  fig.  80, 
but  are  commonly  called  tension  and  quantity  detonators. 

Slot  Detonator, — llie  slot  detonators  are  thin  copper  tubes — a,  about 
\  inch  in  diameter,  closed  at  one  end  and  partially  filled  with  a  detonating 
composition,  6,  consisting  of  fulminate  of  mercury  in  varying  quantities  up 
to  2  grammes  or  31  grains.  On  the  top  of  this  composition  there  is  placed  a 
layer  of  priiDing  or  flashing  mixture,  c,  which  is  generally  made  of  antimony 
sulphide  and  potassium  chlorate.  The  wire  for  conveying  the  electric  current 
is  bent  at  the  lower  end  in  the  form  of  the  letter  U,  around  which  a  plu^  e, 
of  melted  sulphur  and  powdered  glass  is  moulded,  a  fine  slot  being  cut 
through  the  wire  as  shown  at  d.  The  plug  is  then  inserted  into  the  copper 
casing,  so  that  the  two  bent  ends  of  the  wire  project  into  the  priming 
mixture ;  it  is  then  made  water-tight  with  india-rubber  solution. 

Bridge  Detonator, — The  bridge  detonator  is  similar  in  form  to  the 
previous  one ;  the  wire  terminals  are,  however,  filed  off  flush  with  the  inside 
face  of  the  plug,  along  which  and  between  the  ends  of  the  two  wires  a  line 
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Slot.  Bridge.  Incandescent  Detonator. 

FiG8.  78,  79,  80.— Electric  Fuses. 

is  drawn  with  a  soft  black  lead  pencil.     This  forms  a  path  for  the  electric 
current  to  pass  along,  with  many  points  at  which  sparking  takes  place. 

Incandescent  Detonators. — The  incandescent  detonators  are  made  in  a 
similar  manner  to  the  slot  type,  but  the  ends  of  the  wires  are  placed  in  the 
priming  or  flashing  mixture  and  connected  by  a  very  fine  platinum  wire,  i 
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Owing  to  the  great  electrical  resistance  of  the  platinum  wire,  it  hecomes  red- 
hot  when  a  current  is  passed,  therehy  effecting  the  necessary  explosion. 

This  type  of  exploder  requires  an  electrical  current  of  great  quantity  to 
explode  it,  hut  of  low  tension,  while  the  slot  type  of  detonator  requires  a 
high  tension  current  to  ignite  it.  Detonators  contain  a  mixture  of  from  80 
to  95  per  cent,  of  fulminate  of  mercury  and  20  to  5  per  cent,  of  chlorate  of 
potash,  those  for  electric  hlasting  generally  containing  90  to  95  per  cent,  of 
the  former  and  10  to  5  per  cent,  of  the  latter.  They  are  manufactured  with 
charges  varying  from  8  to  31  grains ;  No.  6  detonator,  or  sextuple  strength, 
containing  1  gramme  or  15*4  grains,  are  those  usually  employed  in  quarry 
work  for  supplying  macadam.  Detonators  of  insufficient  strength  are  a 
source  of  danger,  and  many  accidents  are  traceahle  to  explosives  of  the  nitro- 
compound class  heing  improperly  exploded.  It  is  essential,  therefore,  to 
employ  those  of  a  proper  strength  to  ensure  effective  work  ;  in  many  cases 
No.  8  detonators  are  employed,  especially  in  very  wet  hore-holes ;  these 
contain  a  charge  of  31  grains.  The  lowest  standard  for  detonators  required 
by  the  Home  Office  is  80  per  cent,  fulminate  of  mercury  and  20  per  cent. 
of  chlorate  of  potash.  Low  tension  electric  detonator  fuses  remain,  if 
properly  stored,  in  good  condition  for  an  indefinite  period ;  but  high  tension 
detonator  fuses  do  not. 

178.  The  detonators  are  inserted  in  the  primers,  whatever  kind  of  nitro- 
compound explosive  is  used,  by  making  a  hole  at  one  end  by  means  of  a  small 
piece  of  round  stick,  thoroughly  covering  the  exploder  with  the  dynamite, 
and  securing  the  paper  wrapper  to  the  wires  by  means  of  a  piece  of  twine. 
It  is  then  placed  in  the  bore-hole  and  in  contact  with  the  charge,  the  wires 
being  sufficiently  long  to  reach  at  least  a  foot  beyond  the  surface  of  the  rock. 

174.  Some  authorities  on  blasting  claim,  in  order  to  properly  fire  a 
charge  of  dynamite  or  the  gelatinous  compounds,  that  the  detonator  should 
be  placed  in  the  centre  of  the  charge,  and  that  even  two  or  three  should  be 
employed  and  distributed  in  the  body  of  the  charge  to  obtain,  if  possible,  a 
higher  initial  explosion.  This,  no  doubt,  would  have  a  beneficial  effect  in 
extremely  deep  shot-holes,  and  where  the  charge  is  an  extended  one  of  great 
length ;  but  to  properly  charge  and  tamp  a  hole  under  such  conditions  is  a 
matter  of  great  difficulty,  and  the  process  is  not  wholly  free  from  danger. 
It  is  desirable,  however,  when  blasting  lock  which  is  likely  to  be  dislodged  in 
large  blocks,  to  divide  the  charge ;  that  is,  first  placing  one-half  the  calculated 
quantity  of  explosive  in  the  lower  part  of  a  bore-hole  to  fix  the  detonator  in 
position,  tamping  material  being  added  to  a  height  of  a  few  feet,  then  placing 
the  remainder  of  the  charge  on  the  top  of  this,  and  repeating  the  process  of 
fixing  the  detonator  and  tamping.  When  working  with  double  charges  the 
shot-hole  wires  must  be  properly  joined  with  those  on  either  side. 

175.  Tamping  the  Shot-hole. — The  effective  tamping  of  the  shot-hole 
after  the  charge  has  been  inserted  is  a  matter  of  great  importance,  as  the  object 
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is  80  to  increase  the  lesistance  as  to  prevent  the  escape  of  the  gases  generated 
by  the  explosion  in  the  direction  of  the  bore-hole.  The  material  employed 
mnst  therefore  possess  great  power  of  resistance,  be  of  easy  application,  and  be 
free  from  grit  or  other  hard  matter  which  would  have  a  tendency  to  cat  or 
damage  the  insulation  of  the  wires  in  the  shot-hole.  Moist  clay  suits  the  first 
condition  admirably,  but  its  application  in  tamping  the  bore-hole  occupies 
a  considerable  time.  Sand  satisfies  the  second  condition,  but  even  when 
compact,  water  permits  of  the  gases  being  insinuated  between  its  particles. 

When  blasting  powder  is  used,  a  sufficiently  deep  and  solid  tamping  is 
indispensable,  and  no  time  should  be  spared  to  make  it  thoroughly  uniform 
and  tight.  The  action  of  blasting  powder  when  exploded  has  a  lifting 
tendency ;  it  should,  therefore,  be  tamped  entirely  with  clay  in  order  that 
the  full  explosive  effect  may  be  directed  on  the  rock  to  be  dislodged. 

When  a  charge  is  fired  by  detonation,  the  action  being  much  quicker 
than  with  safety  fuse,  the  tendency  just  mentioned  is  greatly  diminished. 

With  the  nitro-glycerine  class  of  explosives  sand  alone  is  often  used  ;  the 
general  effects  of  the  blast,  however,  are  considerably  increased  by  emplojiing 
a  few  pellets  of  clay  in  addition.  With  a  powder  charge  it  is  usual  to  place 
a  wad  of  paper  or  strs^w  next  the  explosive  before  commencing  tamping 
operations,  and  then  slightly  press  the  material  until  a  safe  height  above  the 
charge  is  attained,  when  it  may  be  rammed.  In  tamping  a  dynamite  charge 
it  is  usual  to  place  some  sand  in  the  shot-hole  directly  on  the  detonator  so 
as  to  cover  it;  a  few  pellets  of  moist  clay  are  then  gently  pushed  over 
this  for  a  foot  or  two  in  depth,  when  the  ordinary  tamping  material  is 
scooped  into  the  shot-hole  and  rammed  with  a  wooden  rod  until  the  surface 
is  reached.  Care  should  be  exercised  to  avoid  a  cushion  of  air  between  the 
explosive  and  the  tamping  material. 

In  either  case  the  man  who  is  deputed  to  do  this  work  should  hold  the 
fuse  or  the  wires  of  the  electric  exploder  in  his  left  hand  while  he  works 
the  tamping-rod  with  the  other  hand.  The  least  movement  of  the  fuse  or 
wires  caused  by  the  tamping-rod  coming  in  contact  with  them  will  be 
instantly  felt;  this  enables  the  operator  to  avoid  the  rubbing,  which  is  inju- 
rious to  them.  Apart  from  the  possibility  of  catting  or  destroying  the 
covering  or  insulation,  which  in  damp  shot-holes  might  adversely  affect  the 
firing  of  them,  the  wires  of  the  electrical  exploders  may  be  broken  by 
incautious  handling  and  thus  rendered  inoperative.  For  this  reason  the 
tamping-rod  is  sometimes  made  with  a  slanting  instead  of  a  square  end, 
as  shown  in  fig.  81.  It  will  be  seen  that  the  point  a  will  always  have  a 
tendency  to  rub  hard  on  the  rock  face  of  the  bore-hole  farthest  away  from 
the  fuse  or  wires,  thus  guarding  against  the  least  possible  chance  of  damaging 
them.  After  the  tampiug-rod  is  placed  in  the  bore-hole,  however,  it  may  be 
uncertain  at  which  side  the  point  a  is  situated.  To  obviate  this  difficulty  it 
is  advisable  to  run  a  groove  diametrically  opposite  to  the  point  a  the  whole 
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length  of  the  rod,  then  by  observation  it  con  be  held  in  the  position  which 
will  keep  the  point  as  clear  of  the  fuse  or  wires  as  possible. 

Tamping  shot-holes  charged  with  the  nitro-compounds  by  means  of  water 
has  many  advocates  and  is  extensively  made  use  of,  but  in  the  author's 
experience  such  a  method  of  tamping  for  load-stone  purpoeea  has  not  been 
attended  with  satisfactory  reeults,  and  is  certainly  not 
to  be  compared  in  any  way  with  the  system  of  tamping 
described  in  the  preceding  paragraphs. 

176.  Hatnre  of  an  Explosion  of  Nitro-Com- 
pOimdB. — It  is  generally  believed,  even  by  those  of  so 
experience,  that  the  direction  of  impact  of  the  nitro- 
componnds,  when  exploded,  acta  in  a  downward  direc- 
tion. This  ia  not  the  case,  however,  as  may  be  inferred 
by  considering  the  following  facts,  which  do  not 
justify  ths  general  use  of  water  as  a  means  for  tamp- 
ing shot-holefl. 

If  a  cartridge  of  dynamite  is  suspended  In  mid-air, 
where  the  lesiBtance  around  it  is  eqoal  on  all  sides,  it 
will,  provided  the  explosive  is  of  a  uniform  compo- 
sition, and  is  detonated  throughout  its  body  simulta- 
neously, cause  the  gases  generated  to  expand  equally  in 
all  directions.  The  only  difference  between  the  explo- 
sion of  a  charge  of  blasting  powder  and  that  of  a 
dynamite  cartridge  is  one  of  degree,  the  latter  being  much  more  quickly  con- 
vened into  a  gaseous  state;  hence  its  action  is  rapid.  If  a  cartridge  of 
blasting  gelatine  or  dynamite  be  placed  on  a  block  of  stone  and  detonated.  It 
is  poeeihie  that  under  most  circumstances  the  stone  will  be  cracked  in 
several  directions.  This  does  not  prove,  however,  that  the  impact  is  entirely 
downwards,  as  only  a  limited  amount  of  the  explosive  effect  created  may  have 
acted  in  this  direction  by  reason  of  its  rapid  action  on  the  surface  of  the 
stone.  A  cartridge  of  the  same  kind  and  strength  placed  in  the  bore-hole 
of  a  block  of  stone  of  equal  size  and  solidity  and  effectively  tamped — in  other 
words,  similar  to  the  one  already  operated  upon — having  equal  resistance  all 
rouud,  would  cause  it  to  be  shattered  and  the  fragments  would  probably  be 
thrown  in  all  directions.  It  will  thus  bo  seen  that,  with  an  equal  resistance, 
the  gases  generated  by  the  explosion  of  dynamite  will  eipand  equally  in 
every  direction.  Should  the  resistance  be  unequal,  however,  the  explosive 
effect  will  be  deflected  in  the  direction  of  the  line  of  least  resistance.  Hence 
in  ehot-holu  tamped  with  water  it  sometimes  happens  that  the  deflected 
enei^  of  the  explosive  follows  the  bore-hole,  as  it  easily  overcomes  the 
resistance  of  the  water,  and  expends  its  UBeful  effect  in  the  air.  This 
explanation  of  the  nature  of  an  explosion  of  the  nitro-compounds  is  amply 
borne  out  in  practice.      In  carrying  out  some  quarrying  operations  the 
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author  had  occasion  to  make  use  of  water  tamping,  not  as  a  matter  of 
expediency,  but  from  necessity.  Of  twelve  shot-holes  which  were  fired 
simultaneously  three  simply  discharged  the  explosive  into  the  air  and  on 
the  quarry  face  opposite,  the  result  being  devoid  of  any  useful  effect.  Two 
of  these  bore-holes  were  in  a  horizontal  position  and  one  vertical ;  from  the 
last  mentioned  a  small  piece  of  loose  rock  surrounding  the  mouth  of  the  hole 
was  projected  to  a  considerable  height,  and  subsequently  fell  within  a  few 
feet  of  its  previous  position  in  the  quarry.  In  bore-holes  generally 
(especially  in  those  drilled  in  a  vertical  direction)  when  there  is  a  continuous 
flow  of  water  (as  was  the  condition  of  things  in  the  case  mentioned),  it  is 
advisable  to  place  a  few  pellets  of  clay  over  the  charge  and  to  fill  the 
remaining  portion  of  the  hole  with  sand.  This  assists  in  confining  the  gases 
when  expanding,  and  therefore  increases  the  efiective  results.  Similarly,  if 
the  full  force  of  an  explosion  is  deflected  when  an  accidental  explosion  of 
the  nitro-compouuds  takes  place,  distant  objects  may  be  damaged,  while 
objects  comparatively  near  in  different  directions  may  not  be  affected. 

177.  GonnectiDg  the  Shot-hole  Wires. — When  shot-holes  are  to  be 
exploded  simultaneously,  the  wires  from  the  electric  detonator  fuses 
require  to  be  joined  to  those  on  either  side  and  also  to  the  cables  leading  to 
the  blasting  machine,  so  as  to  form  a  complete  metallic  circuit  When  the 
wires  from  the  shot-holes  are  not  long  enough  to  join  those  on  either  side, 
it  is  necessary  to  make  use  of  connecting  wire,  which  should  be  of  the 
same  quality  as  the  detonator  wires  and  of  a  similar  diameter.  These  latter 
are  made  from  ^th  to  ^nd  of  an  inch  in  diameter,  and  are  insulated  with 
paraffined  cotton  wound  double,  or  with  gutta-percha  or  fibre  composition. 
The  mode  of  joining  the  wires  is  to  cut  off  the  insulated  covering  for  about 
3  inches  from  the  end  of  each  wire,  and  then  twist  them  together  firmly  in 
a  somewhat  reverse  fashion,  as  shown  in  fig.  82. 

The  bare  ends  should  be  scraped  with  a  knife,  as  the  contact  surfaces 
must  be  clean,  bright,  and  free  from  dirt   or  grease.      These   bare  con- 
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nections  when  the  ground  is  wet  should  be  protected  by  covering  them 
with  insulating  tape;  this  is  especially  necessary  when  the  explosion  of 
the  charge  is  effected  by  a  blasting  machine  generating  a  high  tension 
current 

178.  Gircmts:  difi'erent  methods  of  connectiiig-up.— In  effecting  the 
metallic  circuit  between  the  shot-holes  and  the  end  of  the  cable  wires,  three 
different  systems  may  be  adopted  in  coupling-up  the  detonators,  viz.,  (1)  in 
series,  (2)  in  parallel,  or  (3)  in  a  manner  combining  both  systems. 
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(1.)  Series  Circuit. — The  method  known  as  the  aeriea  circuit,  or  con- 
necting the  wires  in  series,  and  shown  in  fig.  83,  is  the  one  most  freqaeiitly 
adopted  when  low  tension  or  quantity  detonators  are  used,  which  arrangement 
can  be  tested  previous  to  firing.  It  affords  a  simple  and  effective  means  of 
forming  the  connectiona     Its  only  disadvantage  is  that  a  single  def^tive 


Fio.  88.— Connecting  the  shot-hole  in  series. 

detonator  or  faulty  shot-hole  wire  will  prevent  all  the  others  being  fired, 
and  cause  what  is  termed  a  misfire ;  but  by  testing  the  exploders  previous 
to  inserting  them  in  the  shot-hole  the  risk  of  the  defect  mentioned  may  be 
reduced  to  a  minimum. 

(2.)  Parallel  Circuit — ^The  mode  of  connecting  the  wires  in  parallel  or 
direct  circuit  is  shown  in  fig.  84 ;  the  wires  of  each  shot-hole  are  in  direct 
communication  with  the  cables,  and  as  they  are  inde[>endent  of  each  other, 
they  are  free  from  the  disadvantage  incidental  to  the  series  method  of 
forming  the  connections.  The  great  amount  of  wire  necessary  to  form  the 
connection  by  this  system,  especially  when  there  are  a  considerable  number 
of  shot-holes  to  be  fired,  increases  the  cost  of  the  operations  considerably. 


Fio.  84. — Connecting  the  shot-holes  in  (parallel. 


The  connecting  wires,  instead  of  being  placed  so  as  to  take  the  circuitous 
direction  indicated  in  fig.  84,  may  be  arranged  in  straight  line  between 
the  shot-holes  and  the  ends  of  the  cable  wire.  They  must,  however,  be  kept 
entirely  separate  from  each  other  in  order  to  avoid  complications,  and  the 
bare  parts  must  be  properly  protected  to  ensure  perfect  insulation. 

(3.)  Series  and  Parallel  Circuit. — The  other   method   which  may  be 
adopted  is  a  combination  of  the  series  and  parallel  circuits ;  this  arrange- 
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ment  is  shown  at  fig.  85.  It  wiU  be  observed  that  should  a  defective 
detonator  exist  in  the  front  row  of  shot-holes  a  5,  none  of  the  others  in 
that  row  can  be  fired ;  consequently,  the  back  row  of  shot-holes,  if  they  are 
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in  order,  will  be  exploded.  The  force  exerted,  however,  will  not  be 
sufScient  to  dislodge  the  rock  in  front,  which,  had  the  charges  in  all  the 
shot-holes  been  exploded  simultaneously,  would  have  been  effected. 

179.  Connecting  to  Cables  and  Terminals  of  the  Blasting  Machine. — 
A  wire  from  each  of  the  detonators  in  the  shot-holes  nearest  to  the  blasting 
machine  is  connected  to  the  ends  of  the  cable;  and  the  other  wire,  as 
already  explained,  is  connected  to  the  next  shot-hole  wire  when  in  series, 
and  to  the  other  cable  when  the  parallel  circuit  is  adopted. 

The  double  cable  is  preferable  for  open  quarry  blasting ;  when  high- 
tension  detonators  are  employed  the  material  of  which  the  wires  are  com- 
posed is  of  little  importance ;  it  may  be  of  iron.  For  low-tension  detonators 
the  leading  wires  or  cables  are  made  of  copper,  and  of  a  comparatively  large 
section,  so  as  to  admit  of  as  small  a  lino  resistance  to  the  current  as  possible. 
They  are  protected  by  gutta-percha  or  other  suitable  insulating  composition, 
and  for  convenience  in  using  and  storing  should  be  wound  on  a  reel.  This 
is  a  matter  of  some  importance,  as,  when  a  cable  is  used  without  such  an 
accessory,  the  time  lost  and  the  trouble  occasioned  by  the  wires  becoming  a 
tangled  mass  is  very  great,  and  result  in  the  insulation  being  destroyed,  and 
possible  damage  to  the  wires.  As  the  blasting  depends  on  a  thoroughly 
efficient  metallic  circuit  it  is  necessary,  before  using  the  cables  in  actual 
work,  to  test  this  by  attaching  them  to  the  blasting  machine  and  holding  the 
free  ends  together,  when,  if  they  are  in  good  order,  a  spark  will  appear  on 
the  current  being  sent  through  the  cable  wires. 

180.  Exploder  or  Blasting  Machines.  —  Machines  for  exploding  the 
detonators,  and  consequently  detonating  the  charge  in  the  bore-hole,  are,  as 
may  be  inferred,  of  two  kinds.  The  blasting  machine  for  firing  tension 
detonators  must  be  capable  of  producing  a  high  tension  or  voltage,  this  being 
necessary  to  decompose  the  priming  compound  contained  in  the  cap  or 
detonator.  The  chief  advantage  of  this  class  of  blasting  machine  is  the  small 
effect  of  line  resistance  upon  the  ^current,  in  consequence  of  which  the 
charges  in  the  shot-holes  may  be  situated  at  a  relatively  great  distance  from 
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the  blasting  machine.  As  there  is  no  possibility  of  testing  high  tension 
detonators  except  in  actual  blasting,  it  is  asnal  to  connect  or  couple  up  the 
ahotrholes  in  parallel,  so  that  each  may  be  independent  of  the  other ;  this 
minimises  the  trouble  which  may  be  experienced  from  a  misfire  should  a 
fonlty  detonator  happen  to  be  in  the  circuit. 

All  the  wires  connecting  the  blasting  machine  and  the  detonators  in  the 
ahot-holee  must  be  perfectly  insulated,  however,  as  the  smallest  leakage  of  the 
electric  current  will  greatly  reduce  the  useful  effect  in  blasting,  and  possibly 
lead  to  total  failure.  The  high  tension  type  of  blasting  machine  is  much 
employed  in  mines,  and  in  single-shot  firing ;  those  principally  used  in  this 
country  are  known  as  the  '  Rackbar  Exploder '  (Smith's),  and  the  '  Siemens' 
Exploder.'  The  Rackbar  blasting  machine,  weighing  42  lbs.,  is  capable  of 
exploding  simultaneously  twenty-«ix  high  tension  detonators  in  parallel. 
The  Siemens'  Exploder  can  only  be  used  for  firing  high  tension  detonators, 
and  is  made  of  different  sizes.  The  smallest  size,  100  volts,  weighs  8^  lbs., 
and  can  fire  sixteen  detonators,  while  the  largest  size,  having  four  times  that 
voltage,  and  weighing  21  lbs.,  can  fire  twenty -five  high  tension  detonators. 

For  genera]  quarry  operations,  however,  the  low  tension  system  of  blast- 
ing is  in  most  favour,  and  possesses  many  points  of  great  superiority  com* 
pared  with  that  of  high  tension  '  exploders.'  Low  tension  detonators  possess 
the  advantage  that  they  can  be  tested,  previous  to  being  inserted  in  the  shot- 
hole,  by  means  of  an  electric  galvanometer  or  by  an  electric  fuse  and  blast 
tester.  There  is  also  the  additional  advantage  that  the  whole  charge  can 
be  tested  by  a  weak  current  of  electricity  before  connecting  the  leading  wires 
to  the  blasting  machine. 

This  testing  machine  is  of  great  convenience,  for,  although  detonators  are 
now  manufactured  with  great  care,  and  seldom  cause  a  misfire  when  proper 
care  is  exercised  in  handling  them,  still  a  detonator-testing  machine  is  a  valu- 
able accessoiy  to  a  blasting  outfit,  and  its  use  may  save  considerable  trouble 
and  expense. 

It  is  not  of  great  importance  that  the  wires  for  blasting  on  the  low 
tension  system  should  be  thoroughly  insulated,  as  bare  wires  are  often  used ; 
but  in  damp  places  it  is  advisable  to  employ  insulated  wire,  and  to  cover  the 
joints  or  places  where  the  connecting  wires  are  coupled-up  to  avoid  any 
possible  escape  of  the  electricity.  The  line  resistance  in  connection  with 
blasting  machines  generating  a  low  tension  current  necessitates  (as  already 
mentioned)  the  employment  of  copper  wire  for  the  cables,  which  need  not 
be  of  great  length  for  ordinary  quarry  work.  The  length  of  the  leading 
and  connecting  wires  has  a  considerable  influence  on  the  total  resistance  in 
the  circuit,  consequently  as  this  becomes  greater  the  number  of  shot-holes 
which  can  be  fired  effectively  will  become  less. 

It  is  therefore  usual  to  connect  the  shot-hole  wires  in  series,  because,  as 
the  detonators  can  be  tested  prior  to  the  blasting  taking  place,  there  is  but  a 
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small  chance  of  a  misfire.  When  the  means  of  testing  the  detonatore  are 
not  at  hand  the  wires  may  he  coupled-up  in  parallel,  hat  of  course  a  less 
numhor  of  shot-holes  can  then  he  fired  simultaneously. 

181.  The  principal  hlasiing  machines  for  firing  low  tension  detonators 
used  in  this  country  are  'Siemens'  Exploder/  'Kackhar  Exploder/ 
'Crescent/  *  Pull-up  Blasting  Machine/  'Victor/  and  the  'Patent  Dynamo 
Exploder.' 

The  Rackhar  exploder  or  Smith's  hlasting  machine,  already  mentioned, 
is  extensively  used  in  this  country.  It  is  a  very  serviceahle  machine,  the 
largest  size  heing  capahle  of  firing  twenty-six  high  tension  or  thirty-five  low 
tension  detonators;  it  is  of  simple  construction,  and  very  efiective  when 
properly  manipulated.  The  Crescent  hlasting  machine  is  of  strong  con- 
struction, and  although  of  considerahle  weight  it  is  a  very  effective  machine, 
heing  capahle  of  firing  thirty-five  shot-holes  simultaneously.  This  is  liie 
only  electric  hlasting  machine,  so  far  as  the  author  is  aware,  which  dis- 
charges a  uniform  current  of  electricity  on  every  occasion,  no  matter  who 
may  operate  it.  The  '  Patent  Dynamo  Exploder '  which  has  recently  heen 
introduced  is  operated  hy  simply  twisting  a  small  handle  quickly  hy  ahout 
a  half  turn.  The  largest  size  weighs  only  14^  Ihs. ;  it  has  an  E.M.F.  of 
seventy  volts  and  can  ignite  sixty  charges.  The  low  price  is  also  in  its  favour. 
To  ohtain  the  hest  possible  results  with  the  other  machines  mentioned  the 
operator  must  have  had  some  previous  experience,  as  it  is  possible  to  give 
a  weak  or  a  strong  current  at  will,  or  hy  improper  manipulation.  Even 
those  experienced  have  difiiculty  at  times  in  operating  these  machines  so  as 
to  discharge  exactly  the  same  quantity  of  current  at  each  operation. 

They  all  depend  on  the  manner  in  which  the  electric  current  is  gener- 
ated, which  is  practically  the  same  as  in  a  dynamo. 

Figs.  86,  87  illustrate  the  interior  construction  of  a  Smith's  or  Rackhar 
blasting  machine,  which  for  effective  working  compares  favourably  with 
any  of  the  others,  while  the  small  size  and  moderate  weight  are  greatly  in 
its  favour. 

The  iron  magnet  A  is  of  the  horse-shoe  type,  wound  about  with  coils 
of  insulated  copper  wire,  and  between  the  poles  of  the  magnet  there  is  a 
revolving  cylindrical  armature  B,  on  the  body  of  which  insulated  wire  is 
coiled  longitudinally.  The  rapid  revolution  of  the  armature  generates  and 
sustains  in  the  machine  an  accumulative  current  of  electricity  of  great 
power,  which  at  the  moment  of  its  maximum  intensity  is  switched  off  to  the 
outside  circuit,  in  which  are  the  detonators.  C  is  a  loose  pinion,  its  teeth 
engaging  with  the  rackhar  G,  and,  by  a  clutch,  engaging  with  the  spindle 
of  the  armature  in  the  downward  stroke  of  the  rackhar.  D  is  a  spring 
which,  when  struck  by  the  foot  of  the  descending  rackhar,  breaks  the 
contact  between  two  small  platinum  bearings  E,  and  causes  the  whole 
current  of  electricity  to  pass  through  the  outside  circuit.     F  is  the  com- 
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nratator,  whUe  at  H  ue  shown  the  binding^poets  or  screws,  to  which  the 
cables  aia  attached.  These  machines  are  sometiines  made  with  three 
termiDals,  namely,  two  out-current  wires  and  one  in-current  or  retom  cable. 
It  is  claimed  that  more  effective  work  is  performed  by  machines  possessing 
this  arrangemeut,  but  as  yet  few  of  them  are  in  actual  use. 

Figs.  88,  89  (p.  178)  illustrate  the  construction  of  the '  Pull  Up  '  Exploder. 
It  will  be  oheerved  that  the  power  necessary  to  generate  the  current  is  ob- 
tained by  aseriea  of  toothed  wheels  which  are  geared  approximately  at  22  to  1. 

182.  Final  Aiiangemflnts  for  Blasting. — The  final  arrangement  neces- 
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sary  to  be  made  in  carrying  out  the  blasting  is  to  place  the  machine  at  a  safe 
distance  from  the  quarry  face,  so  that  the  operator  and  the  machine  itself 
will  be  out  of  reach  of  any  pieces  of  rock  which  may  accidentally  be 
projected  from  the  shot-holes  when  the  charges  are  exploded.  In  most  cases 
100  to  IM  yards  is  a  safe  distance,  and  provided  the  bore-holes  ore  deep 
and  the  tamping  u  properly  executed,  there  is  little  chance  of  any  mishap 
occurring  at  this  distance.  In  blasting,  the  rock  operated  on  falls  or  is 
thrown  in  the  direction  of  the  least  resistance,  that  is,  from  the  rock  mass 
towards  the  open  portion  of  the  quarry.  The  blasting  machine,  therefore, 
should  be  placed  in  a  position  opposite  in  direction  to  that  in  which  a  rock 
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masB  is  expected  to  fall,  so  as  to  ensure  its  being  placed  in  the  least  exposed 
situation.  It  is  always  necessary  to  bear  in  mind  that  from  some  cause  01 
other  a  few  detached  pieces  of  rock  may  be  projected  upwards  in  aa  inclined 
direction  ;  therefore,  when  consistent  with  the  preceding  observationa,  it  is 
adTisable  to  locate  the  position  of  the  blasting  machine  so  that  the  operator's 
view  of  the  quarry  will  not  he  interrupted  by  the  sun's  rays. 

The  cables  are  then  connected  to  the  binding-posts  or  thumb-screws  of 
the  bloating  machine,  the  workmen  are  ordered  to  retire  to  a  place  of  safety, 
everything  is  made  ready,  and  the  customary  signals  are  exchanged.  The 
handle  or  rackbar  is  then  put  in  operation  and  the  requisite  electrical 
current  generated,  which  is  switched  off  into  the  circuit,  when,  if  everything 
is  in  proper  order,  a  simultaneous  explosion  will  be  the  result,  accompanied 
by  a  low  rumbling  noise  which  indicates  effective  work. 


FlQB.  63,  39. — '  Full  Up'  blasting  machine. 
188.  The  instantaneous  fuses  or  voUey-firers  made  by  the  firm  of  Beck- 
ford,  Smith  &  Co.,  of  Tvickingiaill,  which  are  claimed  to  act  simultaneously, 
differ  from  this  firm's  ordinary  safety  fuse  in  having  a  core  of  cotton  wick 
which  baa  been  drawn  through  a  paste  of  meal  powder,  instead  of  a  powder 
train.  When  it  is  desired  to  firo  several  shots  by  means  of  this  fuse,  the 
required  number  are  inserted  into  a  tin  socket  or  volley-firer,  at  one  end  of 
which  is  a  plug  of  wood  perforated  to  receive  the  time-fuse  for  igniting  the 
instantaneous  fuses  leading  to  the  shot-holos,  and  all  the  shot-hole  fuses  are 
concentrated  in  the  receptacle  and  brought  into  contact  with  the  disc.  A 
gunpowder  disc  is  placed  against  the  plug,  the  whole  being  insulated  with 
gutta-percha.  The  instantaneous  fuse  burns  at  the  rate  of  60  yards  per 
second,  and  for  open  quarry  work  the  T-paltera  of  volley-firer  is  generally 
made  use  of  when  the  fuse  is  of  any  length.  These  fuses  have  to  be  specially 
made  when  the  number  of  the  shots  and  the  distance  apart  ia  great,  which 
particulars  must  he  ascertained  previous  to  the  blast  taking  place.     As  a 
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matter  of  convenience,  they  are  generally  made  up  and  connected  by  the 
makers  at  their  works. 

This  method  of  firing  may  be  approximately  simultaneous  for  a  few  shot- 
holes,  but  when  a  large  number  are  intended  to  be  ignited  at  once,  the  vary- 
ing lengths  of  the  patent  fuse  must  necessarily  mean  a  difference  of  time, 
and  although  to  all  appearance  the  explosion  is  simultaneous,  it  is  evident 
that  a  few  seconds  must  elapse  between  the  actual  explosion  of  several  of 
the  charges.  With  electrical  firing  this  is  not  so,  as  the  current  must  pass 
from  the  blasting  machine  through  the  outer  circuit  and  return  to  it  again 
before  all  the  detonators  can  be  exploded. 

184.  Misfiree. — Should  a  misfire  occur,  it  may  be  due  to  (1)  a  defective 
detonator,  (2)  faulty  shot-hole  wires,  (3)  the  weakness  of  the  current 
generated  by  the  blasting  machine.  The  first  two  causes  should  not  occur 
in  low  tension  blasting,  as  they  are  discoverable  by  testing  previous  to  firing. 
The  best  way  of  guarding  against  the  third  cause  is  not  to  connect  more 
shot-holes  than  the  machine  will  fire  with  certainty. 

The  manner  in  which  a  misfired  shot-hole  may  be  relieved,  an  operation 
not  wholly  free  from  danger,  is  to  remove  a  small  quantity  of  the  tamping, 
insert  another  one  or  two  detonators,  re-tamp  with  clay,  and  fire  in  the 
ordinary  manner.  The  vibration  or  detonation  of  the  newly  inserted  detona- 
tors gives  rise  to  a  sharp  shock,  which  sometimes  explodes  the  charge. 

Should  this  means  fail,  and  should  it  be  absolutely  necessary  to  explode 
the  charge,  then  the  tamping  must  be  extracted,  a  process  requiring  great 
caution,  perseverance,  and  time.  When  the  tamping  forming  the  cushion 
on  the  top  of  the  explosive  is  reached,  another  detonator  is  inserted  and 
the  shot-hole  re-tamped;  on  the  charge  being  connected,  it  will  in  all 
probability  be  exploded.  Another  method  of  attaining  the  same  object 
is  to  drill  another  bore-hole  a  few  feet  distant  from  the  misfired  one,  and 
to  a  depth  which  will  nearly  reach  the  level  of  the  top  of  the  explosive  in 
the  hole  which  has  failed  to  go  off.  This  new  bore-hole  is  then  charged 
and  fired,  the  loose  rock  carefully  removed  until  the  charge  in  the  misfired 
shot-hole  is  reached,  when  by  inserting  another  detonator  and  connecting 
the  wires  to  the  blasting  machine,  the  charge  can  be  fired. 

When  a  bore-hole  charged  with  blasting  powder  fails  to  explode,  the  cause 
may  be  traced  to  some  inherent  defect  in  the  fuse  itself,  or  to  its  having 
been  damaged  during  tamping  operations.  The  only  means  of  rectifying  this 
is  to  remove  the  tamping  material,  and  to  apply  another  piece  of  fuse,  whereby 
the  ignition  and  explosion  of  the  charge  will  in  all  probability  be  effected. 

185.  Becording  Charging  Operations. — It  is  obviously  most  essential 
in  quarrying  operations  to  record  reliable  data  respecting  the  charging  of 
the  bore-holes.  The  depth  from  the  surface  of  the  rock  to  the  top  of  the 
explosive  in  any  particular  bore-hole  being  known,  the  preceding  operations  in 
connection  with  a  misfired  shot-hole  are  possible,  but  when  such  information 
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is  wanting,  it  adds  considerably  to  the  difficulty,  and  may  be  the  means 
of  introducing  an  unnecessary  element  of  danger  during  the  operations. 

186.  General  Deductions. — The  following  observations  will  indicate  the 
superior  economy  and  safety  of  machine-drilling,  combined  with  electrically 
fired  high-grade  explosives,  over  the  old  method  of  blasting  powder  ignited 
by  safety  fuses,  which  is  still  in  use  in  many  localities. 

Deep  holes  tend  to  economy  in  drilling,  if  properly  placed  as  regards 
position  and  direction,  while  the  charges  of  the  explosives  when  proportioned 
to  the  rock  to  be  dislodged  ensure  useful  work  being  accomplished. 

The  method  usually  followed  of  simply  guessing  what  amount  of  explo- 
sive should  be  used  to  loosen  a  piece  of  rock,  is  wasteful  in  most  cases, 
while  the  results  obtained  are  variable  and  generally  unsatisfactory.  It 
may  happen  that  an  insufficient  charge  is  made  use  of,  dislodging  the  mass 
of  rock  in  large  blocks  ;  this  necessitates  a  considerable  amount  of  additional 
labour,  in  order  that  they  may  be  reduced  to  a  proper  size.  On  the  other 
hand,  an  excessive  amount  of  explosive  may  be  placed  in  the  shot-hole, 
which  will  reduce  the  mass  of  rock  to  such  a  size  as  to  entail  considerable 
loss,  owing  to  its  being  unnecessarily  shattered.  Another  result  of  over- 
charging, and  which  happens  in  the  majority  of  such  cases,  is  brought  about 
by  the  gases  expanding,  and  (owing  to  the  small  resistance  offered)  throw- 
ing the  shattered  rock  in  all  directions,  even  beyond  the  limits  of  the  quarry. 
This  necessitates  its  being  collected  and  removed,  and  adds  to  the  cost  of 
the  operations.  It  will  be  obvious  from  these  observations  that  in  order 
to  properly  estimate  the  amount  of  explosive  necessary  for  dislodging  a 
mass  of  rock  it  is  essential  to  observe  the  directions  of  the  fissures  and 
determine  the  approximate  charge  from  actual  measurement  of  the  cubical 
contents  of  the  mass  of  rock  to  be  dislodged.  The  methodical  procedure  of 
the  experienced  blaster  always  conduces  to  economy. 

The  simultaneous  firing  of  the  shot-holes  reduces  the  total  amount 
of  work  necessary,  a  less  number  being  required ;  and,  as  compared  with 
single-shot  firing,  there  is  a  corresponding  reduction  in  the  quantity  of 
explosive  for  a  given  quantity  of  rock  to  be  dislodged,  which  means  a  great 
saving  of  expense. 

Vertical  holes  should  always  be  put  down  when  possible,  as  the  amount 
of  explosive  necessary  to  break  up  the  rock  into  suitable  pieces  is  consider- 
ably less  for  vertical  than  for  bottom  or  breast  bore-holes.  When  a  quarry 
face  is  of  considerable  height,  it  will  be  more  economical  to  work  it  in 
benches  or  terraces,  varying  from  15  to  20  feet  deep  and  12  to  16  feet  wide, 
and  by  drilling  vertical  bore-holes. 

There  is  no  such  thing  as  *  hanging  fire '  when  an  electrical  current  is 
used  as  a  means  for  firing  the  charges.  If  the  shot-holes  do  not  go  off  when 
the  blasting  machine  is  operated,  the  men  can  at  once  approach  the  quarry 
face   with  absolute  safety,  the  only  precaution  necessary  to  be  observed 
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being  to  disconnect  one  of  the  cable  wires  in  certain  blasting  machines,  or 
to  remove  the  handle,  which  should  be  retained  by  the  operator.  This 
precaution,  during  the  temporary  absence  of  the  man  in  charge,  prevents  the 
machine  being  tampered  with  and  a  possible  accident,  which  is,  however, 
a  very  remote  contingency. 

With  safety  fuse  it  is  otherwise,  as  almost  all  the  accidents  in  connection 
with  such  blasting  operations  are  brought  about  by  their  proving  defective 
in  some  way  or  other.  This  fault  may  cause  the  fuse  to  '  hang  fire,'  and 
the  workmen,  probably  after  waiting  for  ten  or  fifteen  minutes,  approach 
the  quarry  face,  when  without  warning,  as  has  happened  times  without 
number,  the  charge  explodes  and  the  result  may  terminate  fatally  for  those 
in  close  proximity.  It  requires  but  little  reflection  to  understand  that 
blasting  by  means  of  electricity  is  highly  conducive  to  the  safety  of  the 
men  employed,  which  is  a  feature  in  itself  sufficiently  important  to  make  its 
application  universal.  When  a  large  number  of  shot-holes  are  fired  with 
safety  fuse,  and  the  contingency  of  misfires  almost  inseparable  from  this 
method  of  blasting  is  considered,  it  will  be  obvious  that  an  excessive  amount 
of  time  is  lost  each  day.  In  quarries  from  which  large  quantities  of 
material  are  turned  out,  the  time  thus  lost  would  be  entirely  obviated  by 
electrically  blasting  the  rock. 

The  method  by  which  the  bore-holes  are  drilled,  the  shot-holes  charged 
and  tamped,  and  the  blasting  carried  out,  having  been  fully  described,  it 
now  remains,  so  far  as  these  operations  are  concerned,  to  ascertain  what 
the  cost  of  quarrying  amoimts  to  per  ton  of  rock  dislodged.  The  tirring 
or  stripping  may  vary  considerably,  and  the  price  for  this  work  per  ton 
of  rock  quarried  will  depend  on  the  height  of  the  quarry  face  in  relation 
to  that  of  the  depth  of  tirr  or  overburden  removed. 

Table  XVIII. 

Cost  of  working  rock  drill  per  day  of  nine  hours. 

Engine  or  boiler  for  generating  steam,  and  attendant 

(hired),  lis. ;  coals,  6  cwt  at  128.  per  ton— Ss.  7d.,     .      £0  14    7 
Drill-nmner,  48.  2d. ;  assistant,  8s.  6d. ,  .  0    7    8 

Dressing  and  tempering  drill-bits,  4d.  to  6d.,  according 
to  their  condition,  each  drill-bit  boring  on  an  average 
4  feet  before  it  requires  to  be  dressed,   .        .        .        .        0    4    5 

Oil  and  waste  for  drill  only 0    0    8 

Team  work,  carting  coals  and  water  for  engine,  and  the 
drill-bits  to  and  from  the  smithy,  proportion  of  day's 

work, 070 

*  Bepairs,  depreciation,  and  tools,  allow,   .  •  0    0    6 

Total,        .        .      £1  14    5 

*  Renewals  and  repairs,  exclusive  of  drill -bits,  have  cost  on  an  average  10s.  each 
n  during  twelve  years*  use. 
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187.  Cost  of  Working  Bock  Drills. — The  author  has  found  from  experi- 
ence, taking  the  work  performed  by  a  rock  drill  when  boring  from  35  to 
42  feet  of  2^-inch  holes  each  day,  that  the  rock  after  blasting  and  weighing 
averages  from  250  to  300  tons.  In  other  words,  each  14-foot  bore-hole, 
when  blasted,  produces  about  100  tons  of  rock.  From  those  data  it  can  be 
easily  ascertained  what  the  cost  of  drilling  amounts  to,  and  from  these 
figures  the  price  per  ton  of  rock  quarried  may  be  deduced. 

Tirring  or  stripping  may  be  taken  at  0'68d.  per  ton  of  rock  quarried. 

Taking  the  amount  of  rock  produced,  after  blasting,  as  250  tons  for 
each  day's  work,  it  will  be  found  that  the  drilling  operations  cost  1  *65d. 
per  ton.  If  the  quantity  be  taken  at  300  tons  for  a  day's  work,  then  the 
cost  for  drilling  will  be  l*38d.  per  ton.  Each  foot  of  bore-hole  drilled, 
taking  35  feet  as  a  day's  work  and  the  working  expenses  as  above  stated,  is 
found  to  be  ll*80d.,  or  nearly  one  shilling ;  while  if  42  feet  per  day  is  taken, 
it  equals  9 '83d.  per  foot  of  hole  of  the  diameter  stated. 

In  quarries  where  drilling  operations  are  carried  on  nearly  every  day 
during  the  year,  the  cost  of  providing  the  motive  power  may  be  conside^ 
ably  reduced.  The  team  work  is  dispensed  with  'when  the  supply  of  water 
is  conveniently  near,  while  the  proximity  of  a  smithy  further  tends  to 
reduce  working  expenses ;  but  these  items  of  expenditure  are  inseparable 
from  the  operations  carried  on  under  the  conditions  mentioned  in  the 
preceding  paragraphs. 

A  smith  who  has  some  experience  in  dressing  and  tempering  drill-bits  will 
perform  the  work  more  expeditiously,  and  the  results  will  be  better  than 
where  the  work  is  done  by  one  only  occasionally  employed  in  this  class  of 
work.  The  price  for  dressing  a  drill-bit  under  the  circumstances  mentioned 
need  not  exceed  4d.  each,  provided  they  are  only  moderately  dulled,  but  it 
may  be  6d.  if  the  drill-bit  requires  more  labour  to  bring  it  into  proper  shape. 

188.  The  cost  of  explosives  varies  according  to  the  class  made  use  of,  but 
taking  dynamite  containing  75  per  cent,  of  nitro-glycerine  as  that  used  in 
charging  the  bore-holes,  the  price,  when  obtained  in  small  quantities  for 
blasting  one  quarry,  and  where  it  is  intended  to  dislodge  about  1000  tons 
of  rock,  may  be  as  much  as  Is.  3d.  per  lb. 

The  conveying  of  the  explosive  from  some  local  magazine  to  the 
quarry  where  it  is  to  be  used,  and  thawing  it  when  frozen,  will  increase  the 
price  by  at  least  one  penny  before  it  can  be  placed  in  the  bore-hole,  and 
bring  the  total  cost  to  Is.  4d.  per  lb. 

Dynamite,  and  indeed  all  explosives,  when  purchased  in  large  quantities 
of  say  1000  lbs.  and  upwards,  can  be  obtained  at  considerably  less  cost, 
in  some  cases  to  the  extent  of  35  per  cent.  Economy  and  convenience 
will  therefore  be  secured  by  having  a  suitable  store  or  stores  situated 
centrally  in  the  district,  from  which  the  different  quarries  can  be  supplied. 
A  description  and  drawings  of  a  mixed  store  for   this  purpose   will  be 
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found  at  the  end  of  this  chapter.  By  having  a  store  for  keeping  the 
explosives  required,  the  dynamite  of  the  grade  mentioned  can  he  pur- 
chased, when  taken  in  large  quantities,  for  ahout  9^d,  per  Ih.  delivered 
at  the  store.  When  the  huilding  is  situated  centrally  the  cost  of  con- 
veying the  explosive  is  reduced  considerably,  and  an  allowance  of  one  half- 
penny per  lb.  will  cover  the  outlay  for  this,  and  for  any  additional  handling. 
The  price  of  No.  1  dynamite  and  the  gelatine  explosives  varies  considerably 
from  time  to  time ;  the  former  can  be  purchased  at  the  present  time  *  in 
quantities  of  from  800  to  1000  lbs.  at  6d.  per  lb. 

189.  One  pound  of  this  grade  of  dynamite,  as  has  already  been  pointed 
out,  will  throw  and  break  up  14  tons  of  rock  when  the  shot-holes  are  fired 
simultaneously  by  electricity ;  but  allowing  12  tons  of  rock  to  each  pound 
of  explosive  used,  the  cost  will  thus  be  0*8 4d.,  taking  the  price  of  dynamite 
at  lOd.  per  lb.  for  each  ton  of  rock  dislodged. 

190.  The  cost  of  the  electric  detonator  fuses,  containing  a  charge  of 
about  15  grains  and  having  shot-hole  wires  10  feet  long,  including  con- 
necting wire  (which  can  be  used  again  if  not  destroyed  during  the  blasting 
operations),  may  be  taken  at  2d.  for  each  shot-hole,  or  0*02d.  per  ton  of 
rock  dislodged.  The  time  occupied  in  charging  the  shot-holes,  fixing  the 
detonators  in  the  primers,  tamping  and  connecting  the  shot-hole  wires, 
varies  considerably.  If  the  bore-holes  are  in  solid  rock,  little  trouble  will 
be  experienced  in  carrying  out  these  different  operations ;  in  seamy  rock, 
however,  the  time  necessary  to  carefully  and  properly  perform  the  charging 
and  tamping  will  be  greatly  increased.  Taking  an  average,  experience  shows 
that  the  whole  operation  occupies  four  men  (two  pumping  out  the  bore- 
holes and  conveying  the  explosive  to  the  other  two  men  charging)  one  hour 
for  every  40  lbs.  of  explosive  stemmed  in  the  bore-hole,  ready  for  blasting, 
including  all  the  other  necessary  work  involved.  Five  shot-holes  can, 
on  an  average,  be  completed  in  an  hour ;  so  that,  allowing  for  coupling-up 
the  connecting  wires  and  cables,  an  inclusive  sum  of  4^d.  to  5d.  may  be 
taken  as  representing  the  cost  for  this  work  for  each  bore-hole.  This  is 
equal  to  0'06d.  per  ton  of  rock. 

191.  Sledging  the  Bock  for  Hand  or  Machine  Breaking. — The  last 
operation  consists  of  mashing  or  sledging  the  larger  pieces  of  rock  small 
enough  to  suit  the  hand-breakers  for  producing  road  metal  or  for  a  breaking 
machine,  the  general  size  being  about  16  inches  by  9  inches.  The  price  per 
ton  for  this  work  depends  upon  the  ease  with  which  the  rock  can  be  broken. 
The  quantity  of  rock  of  a  siliceous  nature  which  one  man  can  sledge  in 
a  day  of  nine  hours,  including  a  large  proportion  of  rock  already  small 
enough,  is  on  an  average  about  22  tons ;  so  that  the  cost  would  be  2^.  per 
ton  quarried.  Should  the  rock  be  of  a  very  tough  nature,  and  especially 
if  it  is  in  large  blocks,  the  yield  per  day  may  only  amount  to  14  tons. 
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An  average  of  these  quantities,  namely,  18  tons,  fairly  represents  an  ordinary 
day's  work  by  one  man.  When  vertical  bore-holes  alone  are  drilled,  the 
cost  of  sledging  is  materially  reduced,  by  reason  of  the  mass  of  rock  falling 
to  the  quarry  floor  being  broken  into  smaller  blocks. 

The  cost  of  sledging,  therefore,  allowing  4s.  1^  per  day  for  each  man 
engaged  in  this  work,  and  including  an  allowance  for  tools  and  repairs, 
amounts  to  2*75d.  per  ton. 

192.  All  the  items  summarized  for  the  different  operations  involved 
in  quarrying  the  rock  to  a  size  suitable  for  a  16  inches  by  9  inches  stone- 
breaking  machine  are  as  follows : — 

Table  XIX. 

Cost  of  quarrying  rock  per  ton,  including  mashing  or  sledging. 

Pence  per  ton. 

Tirring  or  stripping 0*68 

Drilling,  including  repairs  and  depreciation, .        .        .        .  1*65 

Explosives, 0*84 

Detonators  and  connecting  wire, 0*02 

Time  occupied  in  charging  the  shot-holes,   fixing  the  de- 
tonators,    tamping,    connecting    the    shot  •  hole    wires, 

arranging  the  cables,  etc 0*06 

Mashing  or  sledging, 2*75 

Cost  per  ton,        •        •        6*00 

From  this  summary  it  is  apparent  that  the  cost  of  sledging  is  relatively 
high  compared  with  that  of  explosives.  The  great  object  to  be  attained  is 
the  use  of  just  a  sufficient  amount  of  explosive  so  as  to  save  after-maiiipula- 
tion,  but  at  the  same  time  overcharging  the  bore-holes  should  be  avoided, 
which,  besides  scattering  the  rock  about,  reduces  it  in  many  instances  to  a 
size  too  small  for  the  purpose  intended. 

In  quarries  where  *  sets '  of  stone-breaking  machines  are  used  it  is  usual 
to  have  one  at  least  of  these,  generally  known  as  a  reducing  machine,  work- 
ing in  connection  with  two  or  more  ordinary  macadam  breakers.  Under 
these  conditions  the  cost  of  sledging  is  considerably  reduced,  as  the  rock 
does  not  require  to  be  broken  up  to  the  size  mentioned,  and  it  may  happen 
in  some  instances  that  the  cost  for  this  item  disappears  altogether. 

193.  Actual  Cost  of  Quarrying  in  Boad-stone  Quarries. — Referring 
now  to  the  results  obtained  in  every-day  practice,  the  following  particulars 
are  given  for  three  different  quarries  from  which  material  is  taken  for 
macadamizing  purposes : — 

Road-stone  quarry  No.  1. 

Fig.  68,  p.  151,  shows  the  position  and  direction  of  the  bore-holes,  the 
height  of  the  quarry  face  being  27  feet  at  one  end  and  40  feet  at  the  other 
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end.  The  rock  (andesite)  is  of  a  hard  nature  and  very  seamy  in  parts, 
while  about  60  per  cent,  of  the  total  amount  of  rock  quarried  is  of  a 
▼eiy  hard  and  solid  nature.  The  quantity  of  material  required  was 
4000  tons.  Figs.  90  and  91  show  this  quarry  previous  to  and  after  blasting 
opeiationB  respectively. 

The  total  cost  of  tirring,  drilling,  etc.,  is  given  in  detail  in  Table  XX., 
and  the  relative  cost  of  each  item  is  also  shown,  the  actual  amount  of  rock 
qouried  being  4158  tons. 

Table  XX. 

Actual  Cost  of  guarrying  in  road-stone  quarry  No.  1, 

including  sledging. 

Working        Cost  per  Ton 
Expenses.  Quarried. 

lining  or  stripping,  £35  11    1  2*06 

Drilling,  including  traction-engine  for 
generating  steam  (hired),  coals,  water, 
draesing  drill  -  bits,  depreciation  of 
drill,  etc 80  11    8  1*77 

Blasting  —  explosive  (dynamite),  detona- 
tors, supplying  and  coupling  -  np  the 
wires,  and  time  occupied  in  charging 
and  tamping  the  shot-holes,         .  16    5    9  0*94 

Slsdging, 47    9    4  2*74 

Total  cost,        •        .        £129  17    5     or     7*50d.perton. 

This  is  at  the  rate  of  7^d.  per  ton  of  rock  reduced  to  a  suitable  size 
read  J  to  be  wheeled  on  to  the  platform  of  the  stone-breaking  machine. 

It  will  be  observed  that  the  stripping  is  relatively  high.  This  was 
brought  about  by  the  earth  having  to  be  shot  over  the  face  of  the  rock  and 
carted  a  distance  of  over  100  yards.  A  considerable  number  of  trees  had 
also  to  be  removed,  the  expenditure  incurred  being  included  in  this  item. 
The  coet  of  the  drilling  operations  includes  the  boring  of  breast-holes  work- 
ing from  a  staging ;  three  days  were  loet  owing  to  rain-storms,  the  quarry 
being  in  a  very  exposed  situation. 

Road'Slaiie  quarry  No.  2. 

194.  Fig.  74,  p.  164,  shows  the  position  and  direction  of  the  boreholes, 
the  average  height  of  the  quarry  face  being  about  22  feet.  The  rock 
(andesite)  is  of  a  hard  and  tough  nature,  and  although  seamy  in  places,  it  is 
of  a  fairly  solid  character.    The  quantity  of  material  required  was  3400  tons. 

The  total  expenditure  incurred  in  this  quarry  is  tabulated  similarly 
to  that  of  the  previous  case.  Table  XXI.,  the  actual  amount  of  rock  quarried 
being  3475  tons. 
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Table  XXI. 

Actual  Cost  of  qtiarrying  in  road-stone  quarry  No,  2,  including  sledging. 

Working        Cost  per  Ton 
Expenses.  Qtuuried. 

Tirring  or  stripping £10    0    0  0*69 

Drilling,  including  engine  (road  roller), 
coals,  water,  dressing  drill-bits,  depre- 
ciation, etc., 19    5    0  1*S8 

Blasting  —  explosive  (dynamite),  detona- 
tors, supplying  and  coupling -up  the 
wires,  and  time  occupied  in  chaiging 
and  tamping  the  shot-holes,  .  15    1    8  1*05 

Sledging 89    0    0  2*69 

Total  ooet,        .  £88    6    8     or     5*7(kLperton. 

The  tirr  in  this  quarry  was  deposited  about  25  yards  from  the  working 
face  by  means  of  wheelbarrows.  The  cost  of  the  drilling  is  under  that  of 
the  previous  case,  which  is  accounted  for  by  the  motive  power  for  the  rock 
drill  being  supplied  by  one  of  the  road  authorities'  steam  road-rollers ;  Uie 
expenditure,  however,  includes  a  sum  for  depreciation  of  the  engine. 

The  appearance  of  this  quarry  during  drilling  operations  is  shown  at 
fig.  92,  and  the  appearance  of  the  quarry  face  during  the  blast  is  depicted  in 
fig.  93,  while  the  effects  of  the  blasting  operations,  which  show  an  excellent 
result^  are  represented  in  fig.  94. 

Eoad'stone  quarry  No,  3. 

195.  Fig.  75,  p.  165,  shows  the  manner  in  which  the  bore-holes  were 
placed  ;  a  cross-section  (fig.  76)  is  also  given,  showing  the  general  outline  of 
the  quarry  face.  The  rock  in  this  quarry  is  a  hard  and  very  tough  basalt, 
and  of  a  very  solid  nature.  The  amount  of  material  required  was  2000  tons, 
and  the  expenditure  incurred  for  the  quarrying  operations  is  detailed  in  same 
way  as  that  in  the  previous  cases,  Table  XXII.  The  total  quantity  of 
rock  quarried  turned  out  to  be  2102  tons. 

Table  XXII. 

Actual  Cost  of  quarrying  in  road-done  quarry  No,  3,  including  sledging. 

Working      Cost  per  Ton 
Expenses.         Quarried. 

Tirring  or  stripping,        ....  £477  0*50 

Drilling,  including  engine  (hired),  coals, 
water,  dressing  drill -bits,  depreciation 
of  drill,  etc 14    4    6  1*62 

Blasting  —  explosive  (dynamite),  detona- 
tors, supplying  and  coupling-up  con- 
necting wires,  and  time  occupied  in 
charging  and  tamping  the  shot-holes,  .  10    2    9  1*16 

Sledging, 28    9    3  3*25 

Total  cost,        .        .        .  £57     4    1      or     6  53d.  per  ton. 
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The  cost  of  tirring  in  this  case  is  exceedingly  low,  the  rock  being  at  the 
surface,  with  a  few  pockets  of  earth  dispersed  over  the  area  operated  on. 
The  drilling  turns  out  very  well,  considering  the  extremely  hard  nature  of 
the  rock.  The  cost  of  blasting  is  above  the  average  ;  the  character  of  the 
rock  was  such  that  in  calculating  the  throw  10  tons  of  rock  were  con- 
adered  sufficient  for  each  pound  of  explosive  used. 

The  sledging  is  a  heavy  item,  the  material  when  blasted  being  of  a 
similar  size  to  that  of  the  previous  quarry  (road-stone  quarry  Ko.  2),  but 
the  tough  and  stubborn  character  of  the  rock  necessitated  additional  men 
being  employed  to  break  it  up  in  order  to  keep  the  stone-breaking  machine 
ooDfitantly  at  work.  It  may  be  mentioned  that  this  rock  had  defied  the 
efforts  of  many  contractors  to  put  in  a  bore-hole,  owing  to  the  hard  nature 
of  the  material  The  jumpers  could  not  be  made  to  stand  the  work,  2  to  3 
inches  being  all  that  it  was  possible  to  bore  without  re-sharpening. 

The  appearance  of  the  quarry  face,  when  the  rock  drill  was  working  and 
previous  to  blasting,  is  shown  in  fig.  95,  and  the  amount  of  rock  dislodged 
after  blasting  is  represented  in  fig.  96. 

Fig  97  shows  the  result  of  blasting  operations  in  a  road-stone  quarry 
when  the  quantity  of  rock  dislodged  amounted  to  5342  tons  after  weighing. 

196.  The  cost  of  quarrying  by  machinery  and  blasting,  as  detailed  on 
pi  184,  is  a  mean  result  of  working  in  twelve  different  quarries,  including 
those  just  described,  and  may  therefore  be  taken  as  an  average  in  esti- 
mating the  cost  of  quarrying  in  connection  with  the  production  of 
macadam. 

All  the  quarries  under  the  author's  jurisdiction  are  worked  during  the 
sunmier  months  only,  and  in  order  to  arrive  at  the  cost  when  drilling  and 
blasting  operations  have  to  be  carried  on  during  the  winter  season  also,  an 
allowance  must  be  made  for  the  short  day  inseparable  from  this  time  of  the 
year,  and  for  other  circumstances.  The  cost  of  labour,  which  of  necessity 
varies  in  different  parts  of  the  country,  will  also  affect  the  expenditure. 

107.  Cost  of  Quarrying  by  Manual  Labour. — The  cost  of  quarrying 
by  manual  labour,  that  is,  by  hand-boring,  blasting  with  powder  and  fuse, 
including  mashing  or  sledging,  varies  considerably,  and  may  range  from  lOd. 
to  Is.  6d.  per  ton.  For  a  small  quantity  of  material  which  is  to  be  removed 
from  the  quarry  in  an  intermittent  manner,  the  cost  of  quarrying  one  ton  of 
rock  reduced  to  a  size  suitable  for  the  hand-breakers  may  be  taken  at  Is.  Id. 
This  figure,  in  order  to  make  a  comparison  with  the  method  described  in  the 
foregoing  paragraphs,  is  apportioned  to  the  several  items  which  make  up 
the  cost  of  quarrying  one  ton  of  rock.  The  following  subdivision  may  be 
taken  as  an  average,  although  some  of  the  items  vary  widely  in  different 
quarries.  The  price  for  such  work  is  usually  quoted  and  paid  for  at  so 
much  per  cubic  yard ;  the  cost  of  quarrying  one  ton  of  rock,  therefore,  has 
been  deduced  from  it 
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Table  XXIII. 

Chst  of  quarrying  one  ton  of  rock  by  hand-boring  awl  single-s/iot  blasting 

with  powder  and  fuse,  in  the  same  quarries  wJiere  the  rock  drill  lias  been 

at  work. 

Pence  per  ton. 
Tirring  or  stripping  (same  as  in  Table  XIX. ),         .        .  0  *68 

Boring  IJ-inch  holes, 4*19 

Blasting — powder,  fuse  and  caps 0*82 

Tamping  and  firing — time  only, 0*31 

Sledging  or  mashing 7*00 

Cost  per  ton  quarried,        .        .        .       13  00 

The  cost  of  tirring  is  of  course  the  same  as  in  the  case  mentioned  at 
p.  184,  and  the  cost  of  the  explosive  and  fuse  is  similar  to  that  in  the 
case  of  using  dynamite  in  machine-drilled  holes  and  firing  electrically. 
The  cost  of  boring  by  hand,  however,  is  about  2^  times  greater  than  that 
of  machine  drilling,  while  the  mashing  or  sledging  is  2^  times  as  much 
as  when  the  material  is  blasted  with  a  high-grade  explosive  having  a 
rapid  and  violent  action,  and  the  shot-holes  are  fired  simultaneously  by 
electricity. 

When,  however,  the  material  is  quarried  by  hand  for  a  stone-breaking 
machine,  the  amount  of  rock  necessary  to  keep  the  machine  constantly  at 
work  is  such  that  the  limited  length  of  face  in  most  road-stone  quarries 
precludes  the  employment  of  a  sufficient  number  of  men  to  keep  up  the 
necessary  daily  supply  of  material.  Even  if  this  were  possible,  the  risk  of 
damaging  the  breaking  machine  and  engine  while  blasting,  and  the  delays 
occasioned  thereby,  would  curtail  the  output  of  macadam  from  it  consider- 
ably. Another  point  which  militates  against  this  arrangement,  assuming  it 
was  possible  of  attainment,  is  the  increased  distance  the  material  would 
have  to  be  wheeled,  which  would  necessarily  increase  the  total  cost. 
When  the  rock  which  is  to  be  broken  by  a  machine  is  quarried  by  hand, 
it  is  necessary  to  start  the  quarrying  operations  months  before  the  time 
when  it  is  intended  to  commence  breaking.  The  quarried  rock  must  be 
stored  in  a  cairn  as  high  as  possible,  so  that  the  labour  of  transporting  the 
stones  to  the  breaking  machine  may  be  reduced  to  a  minimum.  This  at  least 
will  cost  2d.  per  ton,  which,  added  to  the  expense  of  quarrying,  makes  an 
inclusive  price  of  Is.  3d.  per  ton  of  rock  stacked  ready  for  breaking  operations. 

198.  Comparison  of  Cost  by  the  two  methods  of  Quarrying. — From 
these  figures  it  is  evident  that  a  considerable  saving  is  effected  by  the  use  of 
machine  rock  drills  and  blasting  with  high-grade  explosives  and  electricity. 
The  cost  of  quarrying  by  hand,  as  detailed  in  the  foregoing  paragraphs,  and 
on  the  same  class  of  rock  as  the  rock  drill  has  been  at  work  on,  shows  in  the 
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first  instance  that  there  is  a  saving  of  nearly  49  per  cent.,  and  when  the 
hand-quarried  material  is  stored,  of  over  59  per  cent. 

It  is  obvious  that  the  economical  results  obtained  in  quarrying  rock  by 
the  aid  of  machinery  are  undoubtedly  great,  while  the  practical  advantages 
are  none  the  less  striking.  For  instance,  by  the  employment  of  a  rock 
drill  in  boring  the  necessary  holes,  a  quantity  of  from  1000  to  1400  tons 
can  be  quarried  in  one  week,  including  blasting ;  this  practically  places  the 
material  in  a  state  for  breaking  operations.  This  would  mean,  in  order  to 
produce  by  hand  a  like  quantity  of  quarried  material,  the  employment  of 
twenty-four  men  each  day  for  a  similar  period,  or  a  boring  squad  of  three 
men  would  be  engaged  forty  days  in  performing  a  like  amount  of  work. 

199.  Cost  of  Machine-drimng  Plant.— The  cost  of  a  rock  drill,  in- 
cluding tripod,  weights,  steam-pipes,  hose,  blasting  machine  and  cables,  all 
of  which  have  been  described  in  the  foregoing  sections,  amounts  to  £100. 

200.  The  Storing  of  Explosives.— "  The  Explosives  Act,"  1875,  regu- 
lates the  manner  of  storing  explosives,  and  the  quantity  which  may  be  stored 
under  certain  conditions.  It  has  already  been  pointed  out  how  a  great 
saving  in  cost  is  effected  by  obtaining  any  class  of  explosive  in  large  quan- 
tities, and  storing  them.  For  instance,  2000  lbs.  of  explosive,  more  par- 
ticularly the  nitro-compounds,  when  delivered  in  bulk  will  cost  about  35 
per  cent,  less  than  the  same  amount  delivered  in  small  quantities  at  a  time. 

The  difference  in  cost  on  the  quantity  mentioned  will  be  £50,  and  the 
saving  effected  may  be  taken  at  £25  per  1000  lbs.  of  dynamite  or  other 
nitro-glycerine  compounds. 

The  quantity  of  explosives  which  may  be  kept  in  a  store  varies  according 
to  the  distance  the  building  is  from  what  are  known  as  '  protected  works ' ; 
licenses  are  granted  under  four  divisions,  viz..  A,  B,  C,  and  D,  and  are 
defined  according  to  Table  XXIY. 
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A.  B.  0.  D. 

'Protected  Works.'  300  lbs.        1000  lbs.        2000  lbs.        4000  lbs. 

From  a  dwelling-house,  shop,  room, 
mineral  or  private  railway,  tramway, 
workshop,  places  where  explosives  are 
kept,  furnace  kiln  or  fire,  yards      60  100  150  200 

If  the  licensee  ocoupiee  these  'pro- 
tected works,'  or  the  premises  on 
which  they  are  situated,  or  if  the 
occupier  gives  his  consent  in  writing, 
the  distances  are  reduced  to       yards      25  50  75  100 

Also  from  any  public  road,  or  path, 
promenade,  canal,  dock,  river,  or  sea- 
wall, pier  or  reservoir,  yards      25  50  75  100 


I  go  ROAD   MAKING    AND   MAINTENANCE. 

A.  B.  0.  D. 

'Protected  Works.'  800  lbs.        1000  lbs.        2000  lbs.        4000  Ibe. 

Also  from  any  public  railway,  factory, 
cburch,  college,  scbool,  court,  market, 
tbeatre,  bospital,  or  public  building, 

yards      50  100  150  200 

Also  from  any  factory  or  magazine 
belonging  to  Government,  yards    440  8S0  1320  1760 

And  from  any  palace  or  house  of  resi- 
dence of  Her  Majesty,  her  heirs  or 
successors,  miles        2  2  2  2 

Stores  may  be  licensed  to  coutain  '  gunpowder '  or  '  mixed  explosives,' 
and  for  the  work  in  connection  with  the  production  of  material  for  road 
purposes  it  is  advisable  to  obtain  a  license  for  mixed  explosives.  The 
quantity  of  explosives  under  the  divisions  A,  B,  C,  and  D  refers  to  gun- 
powder, and  when  the  nitro-compounds  are  stored,  J  lb.  is  allowed  in  lieu  of 
each  pound  of  powder.  Thus,  in  division  D,  4000  lbs.  of  powder  may  be 
legally  stored,  or  2000  lbs.  of  dynamite  or  the  other  explosives  of  the  nitro- 
glycerine class.  If  it  be  found  necessary  to  store  both  these  explosives,  then 
a  proportion  of  either  may  be  kept ;  for  instance,  2000  lbs.  of  powder  and 
1000  lbs.  of  any  other  explosive. 

It  is  not  permissible  to  store  the  means  of  ignition  in  the  same  place  as 
the  explosives,  unless  these  are  separated  by  a  partition  of  such  strength 
and  character,  or  by  such  space,  as  will  effectually  prevent  fire  or  explosion. 

It  is  better,  therefore,  to  store  the  detonators  in  a  separate  place  or  annexe 
situated  near  to  the  explosive  store. 

201.  Description  of  Explosives  Store. — ^The  building  must  be  sub- 
stantially constructed  of  brick,  stone,  or  concrete,  or  excavated  in  solid  rock 
or  earth,  and  not  liable  to  ignition. 

The  plans  of  a  suitable  store  for  explosives  of  a  *  mixed  *  description  are 
illustrated  in  figs.  98,  99,  100,  and  101.  As  the  drawings  are  shown  in 
detail,  it  is  unnecessary  to  give  a  full  description  of  them.  A  few  points  of 
importance,  however,  will  be  mentioned,  attention  to  which  may  save 
trouble  and  expense  in  the  upholding  of  the  building,  in  meeting  any 
reasonable  demands  of  H.M.  Inspectors  of  Explosives,  and  in  interpreting 
the  details  of  construction  contained  in  the  Act. 

The  store  should  be  placed,  preferably,  in  a  dry  situation ;  the  foundation 
ought  to  be  built  on  a  firm  and  solid  bottom,  composed  of  concrete,  if 
necessary. 

The  cheapest  and  at  the  same  time  a  very  eflScient  material  for  building 
a  store  is  hard-burnt  brick,  and  the  thickness  need  not  exceed  9  inches 
unless  under  exceptional  circumstances.  The  roof  should  be  in  the  form  of 
an  arch,  but,  in  some  instances,  it  is  made  of  timber,  covered  with  gal- 
vanized corrugated  iron  22  B.W.G.,  screwed  to  the  purlins,  and  bedded  in 
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cement  at  the  gables  and  wall  plates,  as  shown  in  fig.  102.  Ventilators  of  a 
agzag  form  should  be  constructed  in  the  walls  below  the  level  of  the  flooring, 
immediately  above  it,  and  also  at 
the  roof  of  the  store,  a  free  circula- 
tion of  air  being  desirable  to  keep  the 
explosives  in  good  order,  while  at 
the  same  time  it  aids  in  preserving 
the  woodwork  in  the  interior  of  the 
building.  These  should  be  protected 
on  the  outside  with  cast-iron  perfor- 
ated plates  or  bricks,  and  on  the 
inside  with  wire  cloth.  The  exterior 
of  the  building  should  be  covered 
with  a  coating  of  cement,  to  ensure 
its  being  perfectly  waterproof. 

Double  doors  of  wood  are  some- 
times provided,  but  a  door-frame  of 
wood  lined  on  the  inside  is  quite  sufficient.     To  properly  protect  it  from 
being  tampered  with,  a  sheet  of  iron  ^  of  an  inch  thick  should  be  spiked  on 


Fig.  98. — Plan  of  explosive  store. 
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Fio.  09. — Elevation  of  explosive  store. 

to  the  outside  of  frame,  so  as  to  slightly  overlap  both  it  and  the  recess, 
which  is  formed  of  angle  irons,  as  shown  in  the  drawings.     The  side  at 
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wtiich  the  door  ia  hung  should  have  the  brickwork  14  inches  thick,  while 
the  arms  forming  the  hinges  should  be  fixed  by  through  bolts  and  iron 
plates  inside.  The  flooring  mnst  be  of  timber,  the  interior  of  the  store 
must  be  lined  with  wood,  and  these,  along  with  the  shelving,  must  be  fastened 
with  copper,  brass,  or  zinc  nails,  or  with  iron  noils  countersunk  and  puttied. 


FiQ.  100.— Section  of  expt< 


The  woodwork  should  be  finished  l>y  applying  two  or  more  coats  of  varnish. 
The  lock  should  be  of  brass,  and  all  iron,  where  exposed  internally,  properly 
protected.  It  la  essential  to  provide  a  lightning-conductor,  which  may  be 
made  of  J-inch  round  iron,  or  of  copper  tape  J  mch  by  ^  inch,  properly  fixed 
to  the  outside  wall,  as  shown,  and  terminating  in  the  earth,  preferably 


2.Pla^4-^'ii,titm 
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Fio.  101.— DelAilaofdoor. 

damp  soil,  2  or  3  yards  distant  from  the  store  and  3  feet  deep,  with  a 
copper  plate  20  inches  by  13  inches  and  \  of  an  inch  thick.  All  eiterior 
ironwork  should  be  put  in  metallic  connection  with  the  conductor,  the  upper 
end  of  which  should  be  1 8  inches  above  the  highest  part  of  the  building,  and 
terminate  with  three  branches  pointed  ;  these  should  be  gilded  or  finished 
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with  platinum  caps  to  resist  oxidation.  It  is  necessary  to  keep  the  floor 
and  shelving  of  the  store  free  from  grit^  for  which  purpose  they  shoidd  be 
swept  periodically,  and  occasionally  washed. 

202.  Annexe  for  storing  Betonators. — The  detonator  'annexe'  is  best 
formed  by  a  box  made  of  iron  ^inch  thick,  2  feet  by  2  feet,  and  2  feet 
6  inches  deep,  sunk  three-fourth  part  into  the  ground.  The  lid  should 
project  1^  inch  over  the  box,  and  be  slightly  bent  downwards  at  the  outer 
edges  to  prevent  wet  gaining  access.  The  lid  should  be  provided  with  strong 
hinges  and  brass  padlock.  The 
interior  of  the  box  should  be  lined 
with  wood,  and  have  a  suitable 
inner  lid  or  cover.  This  annexe 
may  be  placed  as  shown  in  fig.  99, 
just  clear  of  the  wall  of  the  explo- 
sives store.  An  additional  safe- 
guard in  the  form  of  a  high  and 
close  fence  may  be  erected  a  few 
feet  distant  from  the  store,  com- 
pletely surrounding  it,  and  having 


Fio.  102.— Timber  roof  for  store  with 
galvanized  covering. 


a  suitable  access  in  front.  It  is  necessary  to  provide  a  pair  of  boots 
without  steel  or  iron  about  them,  or  a  pair  of  goloshes,  to  be  used  by  those 
entering  the  store.  These  should  be  of  a  size  large  enough  to  wear  over  the 
ordinary  boots  or  shoes.  As  a  convenient  road  to  the  store  is  a  necessity, 
the  site  selected  for  the  store  will  mainly  depend  on  the  facilities  for  making 
and  properly  maintaining  such  a  road. 

208.  Cost  of  Erection. — The  cost  (exclusive  of  the  road  access)  of 
erecting  an  explosives  store  of  the  dimensions  given  in  the  drawings  will 
vary  according  to  the  place  in  which  it  is  erected;  but  the  expenditure 
may  be  taken  at  from  £22  to  £28,  if  the  brick  arch  is  adopted,  and  about 
£18  to  £22  when  the  roof  is  formed  of  timber  and  galvanized  corrugated 
iron,  as  shown  in  ^jl  102.  The  construction  of  the  explosives  stores 
shown  in  the  preceding  drawings  is  of  a  substantial  character ;  erections 
of  a  less  permanent  nature,  however,  may  be  built  of  a  combined  wood 
and  galvanized  construction.  The  cost  of  the  latter  method  will  therefore 
be  considerably  less,  probably  one-half. 

204.  An  excerpt  from  the  Explosives  Act  should  be  affixed  on  the 
outside  fence ;  and  the  rides  and  regulations  should  also  be  hung  up  inside 
the  store,  while  the  class  of  the  Division  should  be  painted  on  the  outside 
of  the  door  in  large  letters  in  the  following  manner : — 

DIVISION  D.     4000  lbs. 
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CHAPTER  VL 

STONE  BREiLKING  AND  HAULAGE. 

Stone  Breaking. 

205.  The  material  described  in  the  preceding  chapter  requires  a  further 
reduction  in  size  before  it  can  be  applied  to  the  highways  or  stored  for 
subsequent  use. 

General  Conditions  relative  to  Hand-broken  MacadanL — If  the 
macadam  is  for  coating  the  top  of  a  newly  constructed  road,  or  for  strength- 
ening an  existing  one  the  crust  of  which  has,  through  neglect  or  other  causes, 
become  reduced  to  such  an  extent  that  the  material  forming  the  bottoming  is 
exposed,  then  it  is  necessary  to  apply  metalling  the  stones  of  which  will 
pass  through  a  2^inch  ring,  or  weigh  about  6  ounces.  For  general  surface 
repairs,  however,  metalling  of  a  somewhat  less  size  may  be  advantageously 
made  use  of.  The  smaller  the  size  the  smoother  will  the  surface  of  the  road 
be  ;  but  the  size  of  the  metal  for  any  particular  section  of  a  road  must  be 
determined  to  a  certain  extent  by  the  amount  of  traffic  which  it  will  have 
to  bear,  and  the  nature  of  the  rock  from  which  the  macadam  is  produced. 

On  roads  over  which  the  traffic  is  heavy,  the  tougher  kinds  of  rock,  such 
as  basalt  and  dolerite,  should  be  of  a  size  which  will  pass  through  a  2^inch 
ring ;  while  with  the  same  class  of  material,  but  applied  on  a  road  with  only 
moderate  traffic,  the  size  may  be  advantageously  reduced  to  pass  through  a 
ring  2  inches  in  diameter.  The  weights  of  these  different  sizes  are  approxi- 
mately 4  ounces  and  3  ounces  respectively.  Rock  of  a  hard  and  brittle 
nature  will  give  better  wearing  results  when  broken  to  a  size  somewhat 
larger,  while  flints  and  the  harder  limestones  will  be  most  suitable  for  sur- 
face repairs  if  broken  to  a  size  the  weight  of  which  varies  from  6  to  8  ounces. 

To  ensure  equal  wearing,  and  consequently  a  smooth  surface,  the  metal 
should  be  broken  to  a  uniform  size  and  to  a  form  as  nearly  cuboidal  as 
possible.  Irregularly-sized  metal  cannot  resist  the  wear  and  crushing 
effect  caused  by  the  wheels  of  vehicles,  engines  and  wagons ;  consequently 
a  bumpy  surface  is  formed,  or,  in  other  words,  it  becomes  *  cupped.*  Under 
these  circumstances  the  wear  is  increased,  and  the  surface  of  the  road 
becomes  irregular,  and  horses  and  vehicles  suffer  in  proportion. 
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206.  These  are  briefly  the  main  points  necessary  to  be  considered  in 
determining  the  best  conditions  under  which  hand-broken  metal  is  applicable 
to  road  repairs,  especially  when  the  material  is  intended  to  be  consolidated 
by  wheel  traffic.  The  breaking  of  metal  specially  to  a  small  size  for  ordinary 
repairs,  although  of  great  advantage  to  the  road  under  certain  conditions, 
increases  the  cost  of  production,  and  in  most  cases  a  proportionately  larger 
amount  of  small  stuff  is  produced.  This  fine  material  is  of  little  or  no  value 
on  the  road,  and  under  certain  conditions  its  presence  is  pernicious ;  to  avoid 
this  evil  it  is  necessary  to  screen  the  material  so  as  to  separate  it  from  the 
regular-sized  stones.  This  additional  manual  labour  increases  the  cost  of 
production,  which,  at  a  low  estimate,  may  be  taken  at  3d.  to  4d.  per  cubic  yard. 

207.  Quantity  of  Macadam  broken  by  Hand  per  Day. — A  good  hand- 
breaker  can  produce  from  3  to  4  cubic  yards  of  ordinary  macadam  per  day 
out  of  such  material  as  flints,  the  harder  limestones,  field  stones,  and  river 
gravel.  Whinstone  of  a  brittle  nature,  when  the  rock  is  reduced  to  a  size 
similar  to  that  mentioned  in  the  preceding  chapter  on  quarrying,  may  be 
broken  by  hand  at  the  rate  of  2  to  2^  cubic  yards  per  day,  while  hom- 
blendic-granite,  basalt,  and  the  tougher  kinds  of  whinstone  can  be  broken 
up  at  the  rate  of  from  three-quarters  to  one  and  one-half  cubic  yards  in  a 
similar  time.  The  number  of  hours  which  a  man  works  when  breaking 
road  metal  depends  upon  circumstances.  If  engaged  on  piece  work  a  hand- 
breaker  may  work  for  twelve  hours  on  a  stretch,  producing  more  material 
than  one  who  is  less  physically  capable,  or  who  is  engaged  to  break  at  so 
much  per  day. 

208.  Cost  of  Hand-breaking. — It  is  thus  a  somewhat  difficult  matter  to 
arrive  at  the  actual  cost  of  breaking  road  metal  by  hand,  but  an  approxima- 
tion sufficiently  correct  can  be  obtained  by  measuring  a  heap  of  metal  which 
has  occupied  a  hand-breaker  a  certain  time  to  accomplish.  This  will  give 
the  amount  broken  each  day  of  nine  or  ten  hours ;  but,  in  addition  to  this, 
the  wages  which  are  paid  in  any  particular  locality  will  have  to  be  considered 
as  influencing  the  cost  of  production.  Taking  these  circumstances  into  con- 
sideration, the  experience  of  the  author  is  that  the  cost  of  breaking  by  hand 
varies  from  Is.  3d.  to  2s.  6d.  for  each  cubic  yard  of  road  metal.  The  supply- 
ing of  macadam  for  repairing  and  maintaining  roads  under  the  old  or  patch- 
ing system  is  in  most  cases  regulated  by  annual  contracts.  The  price  in 
some  instances  is  stated  separately  for  quarrying,  carting,  and  breaking ;  but 
generally  these  contracts  are  arranged  for  at  an  inclusive  figure,  the  metalling 
being  deposited  alongside  the  roads  at  convenient  points  or  in  dep6ts. 

The  price  per  cubic  yard  of  metal  thus  laid  down  will  vary  according  to 
the  conditions  already  mentioned,  and,  in  addition,  the  cost  of  hauling  or 
conveying  it  from  the  quarry  to  the  roadside  depots.  Where  the  distance 
is  great,  the  cost  of  carting  may  increase  the  price  to  double  the  actual 
amount  of  producing  the  macadam  itself. 


196  ROAD   MAKING   AND   MAINTENANCE. 

209.  In  districts  where  suitable  rock  for  road  purposes  does  not  exist  to 
any  great  extent,  the  metalling  may  have  to  be  brought  from  a  distance  either 
by  traction-engines  and  wagons  or  by  rail,  which,  besides  the  heavy  charges 
for  haulage,  entails  in  many  instances  double  handling  of  the  material  In 
those  districts  where  local  stone  of  a  suitable  quality  can  be  obtained  within 
a  reasonable  distance  of  where  it  is  to  be  applied,  the  cost  of  quarrying, 
breaking  by  hand,  and  carting  to  the  roadside  depdts,  an  average  distance  of 
two  miles  from  the  quarry,  may  be  3s.  lOd.  per  cubic  yard.  This  is  an  excep- 
tionally low  figure,  and  can  only  be  executed  under  the  best  possible 
conditions  of  work,  while  for  material  which  is  difficult  to  quarry,  and  which 
takes  28.  6d.  to  break  by  hand,  the  cost  will  be  5s.  7d.  per  cubic  yard  when 
laid  down  in  dep6ts  at  a  similar  average  distance.  The  latter  price  is  one  that 
is  very  usually  met  with  in  practice  under  ordinary  conditions,  and  as  the 
distance  to  which  the  material  has  to  be  conveyed  increflises,  the  cost  of 
supplying  macadam  may  rise  to  7s.  or  8s.  per  cubic  yard,  and  even  to  10s. 
in  exceptional  cases.  In  quarries  worked  under  the  authority  of  County 
Councils,  it  is,  as  a  rule,  only  necessary  to  pay  surface  damages  for  the 
ground  destroyed  in  obtaining  the  materials.  This  amount  may  be  allowed 
for  either  in  the  cost  of  quarrying  and  breaking,  or  stand  as  a  separate 
item,  but  generally  the  additional  cost  per  cubic  yard  of  material  is  veiy 
trifling  in  amount,  especially  wben  the  face  of  the  quarry  is  high,  or  the 
relative  quantity  of  metal  removed  is  large  compared  with  the  area  of  ground 
occupied.  In  sale  quarries,  however,  the  actual  cost  of  the  material  is 
increased  by  an  additional  charge  for  lordship,  or  quarry  rent,  which  varies 
considerably,  but  may  be  taken  at  from  4d.  to  6d.  per  ton  or  per  cubic 
yard  of  rock. 

The  race  of  hand-breakers  is,  however,  fast  disappearing,  especially  in 
rural  districts,  and  the  high  price  now  demanded  for  this  class  of  labour 
requires  that  other  means  be  adopted  for  producing  macadam.  The  obvious 
necessity  in  these  days,  owing  to  the  altered  condition  of  trade  and  traffic, 
of  attaining  a  higher  standard  of  perfection  in  road  maintenance,  and  of 
applying  larger  quantities  of  material  to  strengthen  and  improve  the  condi- 
tion of  the  highways,  is  a  further  incentive  to  the  employment  of  stone- 
breaking  machinery. 

210.  Bequirements  which  a  Stone-breaking  Machine  should  possess. 
— Objection  has  been  taken  against  stone-breaking  machines  in  some 
localities,  on  the  ground  that  they  fracture  or  crush  the  stones,  make  the 
edges  rounded,  and  produce  metal  which  is  not  uniform  in  size. 

No  doubt  the  earlier  types  of  stone-breaking  machines  were  open  to  these 
objections,  and  they  may  even  still  exist  to  a  considerable  extent  in  some 
of  those  employed  at  the  present  time ;  but  they  do  not  apply  to  the  modern 
'  stone-breaker '  with  its  almost  perfect  mechanical  movements. 

In  a  good  machine  the  rock  should  be  sledged  by  the  upper  set  of  jaws, 
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and  the  teeth  be  spaced  at  a  comparatively  wide  pitch  and  so  arranged  that 
the  ridges  will  work  in  the  farrows  immediately  opposite.  The  stones,  after 
passing  through  the  upper  jaws,  should  be  cubed  by  the  lower  ones,  and 
means  should  be  provided  to  admit  of  the  material  changing  position  and 
readjusting  itself  so  as  to  prevent  spalling  or  the  production  of  long  thin 
pieces. 

Provision  should  be  made  to  adroit  of  an  increase  or  decrease  of  the 
movement  of  the  reciprocating  jaw,  which  acts  on  the  rock  between  it  and 
the  fixed  jaw. 

The  mechanical  construction  should  be  simple,  strong,  and  effective,  while 
the  working  parts  should  be  arranged  so  as  to  reduce  the  strains  on  the 
driving  shaft  to  a  minimum.  The  strains  should  always  be  in  one  direc- 
tion, while  the  toggles  should  finish  in  a  straight  line  at  the  completion 
of  the  forward  stroke.  The  machine  and  accessories  ought  to  be  capable  of 
effectually  screening  the  material,  so  that  the  macadam  resulting  from  the 
breaking  operations  can  be  distributed,  stored,  or  loaded  automatically.  In 
many  cases  where  machine-broken  metal  is  used,  and  condemned  as  inferior 
to  that  broken  by  hand,  without  the  material  being  properly  sized,  it  is 
invariably  found  to  be  caused  by  a  want  of  proper  gauging  of  the  macadam 
by  screening.  To  apply  the  stones  direct  to  the  roads  as  it  leaves  the 
jaws  of  the  machine,  is  simply  to  make  use  of  it  in  an  unfinished  state 
of  manufacture.  The  appearance  of  a  piece  of  rock  after  a  hand-breaker 
has  broken  the  larger-sized  stones  with  the  light  mashing  or  sledging 
hammer,  and  before  finishing  his  work  with  the  small  hammer,  is  similar  in 
appearance  to  the  larger-sized  pieces  of  stone  which  have  been  only  partially 
broken  in  passing  through  the  jaws  of  the  machine.  It  is  the  proper  screen- 
ing of  the  metalling  which  makes  machine-broken  metal  a  success,  the 
larger  pieces  again  passing  through  it  automatically,  to  be  broken  to  a  proper 
size. 

With  many  types  of  stone-breaking  machines,  the  extent  of  the  motion 
of  the  reciprocating  jaw  is  constant,  so  that  under  certain  conditions,  as  when 
breaking  hard  rock,  of  an  acid  nature,  numerous  flaky  pieces  are  produced, 
which,  besides  making  a  bad  sample  of  road  metal,  quickly  deteriorate  in 
the  road  under  traffic. 

If  a  stone-breaking  machine  is  so  constructed  that  the  pressure  or  blow 
can  be  reg^ated  by  either  a  long  or  a  short  movement,  the  production  of 
flaky  road  metal  will  be  reduced  to  a  minimum.  By  giving  the  swinging 
jaw  a  short  travel,  by  means  of  a  rearrangement  of  the  toggles,  hard  brittle 
rock  can  be  properly  treated ;  while  for  tough  or  stubborn  rock  the  move- 
ment should  be  made  longer. 

211.  The  macadam  produced  by  a  good  stone-breaking  machine  may  not 
present  such  a  cuboidal  appearance  as  that  produced  by  hand-breaking,  but 
for  general  purposes  it  is  little  inferior  in  quality ;  the  cost  of  production, 
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always  a  determining  condition  in  such  matters^  is  greatly  in  favour  of 
machine-broken  macadam,  while  the  possibility  of  producing  large  quantities 
of  macadam  in  a  short  space  of  time  is  an  additional  advantage.  In  quarries 
where  road  metal  is  produced  in  large  quantities,  the  breaking  operations  are 
carried  on  more  or  less  during  the  whole  year,  for  which  purpose  it  is  neces- 
sary to  fix  the  plant  or  the  '  stone-breaking  mill '  at  a  convenient  and  safe 
distance  from  where  the  quarrying  and  blasting  operations  are  carried  on. 

212.  The  breaking  machinery  should,  if  possible,  be  situated  at  a  lower 
level  than  the  quarry  floor,  in  order  to  admit  of  the  haulage  of  the  material 
by  bogies  or  cars  being  effected  by  gravitation.  For  a  similar  reason  the 
position  of  the  breaking  plant,  in  regard  to  the  disposal  of  the  broken 
material,  should  be  such  as  to  admit  of  the  screening  being  carried  out 
immediately  after  the  material  passes  through  the  jaws  of  the  breaker.  It 
can  then  be  conveyed  in  shoots  to  the  points  where  it  is  to  be  delivered  direct 
into  wagons  or  carts,  or  into  storage  bins  for  future  use.  It  often  happens, 
however,  that  the  physical  conditions  of  the  ground  will  not  admit  of  this 
arrangement  being  carried  out,  a  circumstance  which  necessarily  involves  a 
system  of  working  not  so  favourable  as  when  the  material  can  be  disposed 
of  by  means  of  gravitation  alone.  When  the  height  of  the  quarry  floor  above 
the  level  of  the  sidings  or  storage  bins  is  such  that  the  breaking,  screening, 
and  delivery  arrangements  can  be  properly  accomplished,  the  haulage  of  the 
rough  stones  from  the  quarry  face  to  the  stone-breaking  plant  may  be  con- 
veniently performed  by  steam  haulage.  When  the  quarry  and  the  point  of 
delivery  are  on  the  same  level,  it  becomes  necessary  to  make  a  suitable  erec- 
tion sufficiently  high  for  the  accommodation  of  the  breaking,  screening,  and 
delivery  plant :  the  haulage  of  the  material  to  the  feeding  platform  must  in 
such  cases  be  accomplished  by  means  of  a  rope  working  on  a  drum,  an  aerial 
ropeway,  or  some  other  suitable  arrangement. 

213.  A  proper  system  of  distributing  the  different  sizes  of  macadam, 
when  it  is  to  be  stored,  is,  of  course,  best  carried  out  by  gravitation;  in 
most  instances,  however,  it  has  generally  to  be  performed  by  the  aid  of 
conveyors.  It  seldom  happens  that  the  plant  can  be  so  placed  in  relation 
to  the  quarry  as  to  be  so  favourably  situated  that  the  haulage,  tipping  or 
dumping,  and  the  screening  and  delivery  of  the  material  can  be  accomplished 
entirely  by  means  of  gravitation. 

It  will  be  evident  from  the  preceding  observations  how  essential  it  is, 
when  laying  down  a  stone-breaking  plant,  to  arrange  the  machinery  and 
appliances  so  that  the  cost  of  handling  the  material  and  operating  the  plant 
may  be  reduced  to  a  minimum.  These  particular  requirements  apply  more 
especially  to  quarries  where  a  fixed  plant  is  indispensable,  by  reason  of  the 
demand  for  macadam,  and  which  may  necessitate  continuous  working  of  the 
stone-breaking  plant  during  the  whole  or  greater  part  of  the  year. 

The  immense  quantities  of  road  metal  which  are  produced  in  many  of 
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the  larger  sale  quarries  to  supply  the  requirements  of  counties  and  towns  which 
do  not  poesess  suitable  rock  for  road  purposes  within  their  own  jurisdiction, 
necessitate  the  employment  of  a  large  number  of  stone-breaking  machines 
at  these  centres. 

The  arrangement  generally  adopted  in  these  circumstances  is  to  make  use 
of  a  '  set '  of  stone-breakers ;  the  leading  or  '  reducing  machine '  having  a 
large  breaking  capacity,  sledges  the  rock  to  a  certain  size,  which  is  then 
directed  by  shoots  into  two  or  more  other  machines,  which  break  or  cube 
the  material  to  a  size  suitable  for  macadamizing  purposes. 

214.  '  Sets '  of  Breaking  Machines.— Double,  and  in  some  cases  treble, 
sets  of  stone-breaking  machines  are  made  use  of  in  quarries  where  the  rock 
is  of  a  recoguized  quality,  and  the  demand  for  metalling  is  considerable. 
Under  these  conditions  the  machines  are  fixed  permanently,  and,  if 
possible,  on  solid  foundations,  as  when  so  placed  the  actual  amount  of  work 
performed  is  considerably  increased  compared  with  that  obtained  from 
machines  fixed  on  a  timber  erection,  which,  although  it  may  be  well  con- 
structed, admits  of  vibration  taking  place  when  the  machinery  is  in  motion, 
whereby  the  output  of  the  machine  is  reduced. 

215.  The  original  stone-breaking  machine  was  invented  by  E.  W.  Blake, 
of  Newhaven,  Connecticut,  and  was  introduced  into  England  in  1860,  by 
the  late  Mr.  Marsden  of  Leeds,  who  effected  many  alterations  in  the  construc- 
tion of  certain  parts  in  his  endeavour  to  adapt  it  to  the  requirements  of 
this  country. 

Since  that  time  many  alterations  and  improvements  in  the  mode  of  con- 
struction have  been  introduced  by  engineers,  so  as  to  reduce  the  strain  on 
the  working  parts,  and  the  motive  power  necessary  to  drive  the  machine,  while 
the  form  of  the  jaws  has  been  modified  so  as  to  produce  cuboidal  macadam. 

Mechanical  Details. — Previous  to  giving  a  detailed  description  of  the 
different  parts  of  a  stone-breaking  machine,  it  will  be  convenient  to  mention 
some  special  points  which,  in  addition  to  those  already  stated,  a  machine 
of  this  description  should  possess. 

It  must  be  capable  of  withstanding  the  great  wear  and  tear  incidental  to 
this  class  of  machinery  and  of  producing  a  uniform  size  of  macadam. 

The  construction  must  be  on  such  a  principle  as  to  avoid  excessive  strains 
on  the  driving  shaft,  and  yet  be  simple  and  strong. 

It  must  have  as  few  working  parts  as  possible,  and  the  arrangement  of 
the  reciprocating  jaw  should  be  such  as  to  admit  of  a  sharp  and  powerful 
blow  being  given. 

The  strains  brought  about  on  the  working  parts  when  breaking  stones 
should  be  maintained  in  one  direction,  and  the  wearing  parts  should  be 
easily  renewable.  The  breaking  of  the  rock  should  be  accomplished  either 
by  two  machines  working  in  conjunction,  or  by  one  with  specially  con- 
structed jaws.     In  the  former  case  the  material  is  sledged  or  reduced  suffi- 
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cieatly  small  for  tbe  aecond  machine,  which  cubes  it  to  the  deeimd  size  for 
metalling ;  in  the  latter  case,  the  Java  are  eo  arranged  that  the  prooen  of 
reducing  the  rock  is  accomplished  by  the  upper  jaws,  while  the  metal  is 
cubed  by  the  lower  ones. 

The  screening  of  the  material  and  the  conveying  of  the  '  rejectota '  or 
large  pieces  of  stone  back  through  the  breaker  jaws  again  should  be  per- 
formed automatically.  By  this  arrangement  the  jaws  of  the  breaking 
machine  can  be  fixed  sufQcientlyopen  soas  to  admit  of  acouBiderable  proportion 
of  lai^e  pieces  being  passed  a  second  time  through  the  machine,  thus  yielding 
a  better  sample  of  macadam  and  producing  a  minimum  quantity  of  screenings. 

216.  DescriptioD  of  Blake's  Original  Stone-breaker. — The  ordinal 
Blake  stone-breaker  IB  shown  m  fig  103,  which  represent  an  elevation  in 
longitudmal  section  of  the  machine  It  consists  of  a  cast-iron  feune  X, 
with  a  vibrating  or  awmging  jaw  A,  which  approaches  to  and  recedes  from 
the  fixed  jaw  fi,  by  means  of  the  toggles  C,  attached  to  the  pitman  D.  It 
is  actuated  by  the  lever  E,  working  on  a  fulcrum  F,  and  attached  to  the 
connecting  rod  O,  working  on  a  ciank  shaft  H.  On  this  shaft  are  placed 
the  fly-wheela  I,  and  pulley  J,  by  wluch  tbe  power  is  transmitted  to 
the  machine,  the  aise  to  which  the  macadam  is  intended  to  be  broken 
being  regulated  by  the  wedge  E,  which  can  be  raised  or  lowered  by  the 
screw  L  working  on  the  toggle  block  ii ,  the  draw  back  motion  being 


Fw.  103. — Saction  of  original  '  bUke  '  stone-breilting  machine. 

effected  by  means  of  the  rod  N  and  spring  0.  This  machine  was  essen- 
tially a  crusher,  the  teeth  of  the  jaws  being  vertical  and  interlocking  each 
other,  so  that  tbe  ridges  of  the  one  jaw  were  set  opposite  and  worked  against 
the  furrows  of  the  other.  No  attempt  was  made,  by  reason  of  the  coustmc- 
tion  of  the  jairs,  to  cube  the  material;  it  was  a  powerful  machine,  how- 
ever, and  capable  of  any  amount  of  work. 
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217.  Archer's  Breaker. — An  attempt  to  cube  the  material  was  made  by 
Archer,  and  after  various  endeavours  he  brought  out  a  machine  in  1867. 
It  consisted  of  a  cast-iron  frame,  with  a  slotted  crank  shaft — running  in 
bearings  at  the  end  of  the  machine, — which  operated  a  large  lever  working  on 
a  fulcrum  pin.  The  back  end  of  this  lever  was  connected  to  the  crank  by  a 
variable  link,  which  controlled  the  position  of  the  crushing  faces  in  relation 
to  the  rotating  toothed  roller,  fixed  on  a  shaft  and  actuated  by  spur  gearing 
The  front  end  of  the  lever  was  curved  so  as  to  partly  encircle  the  rotating 
roller,  and  was  provided  with  corrugated  faces  in  the  upper  and  lower  jaws, 
while  the  teeth  of  the  roller  were  placed  at  right  angles  to  the  corrugations 
in  the  lower  jaws.  This  machine  produced  a  fair  sample  of  metal,  but  the 
wear  and  tear  were  so  excessive  and  the  number  of  breakages  were  so  numerous, 
that  it  was  not  a  practical  success,  while  the  amount  of  work  done  was  con- 
siderably less  than  that  of  the  Blake  machine. 

This  stone-breaker  was  further  improved  by  Archer,  in  that  a  small 
Blake  jaw  was  utilized  for  breaking  the  stones,  in  conjunction  with  a 
lever  having  a  curved  face  working  against  a  revolving  toothed-roller.  At  the 
rear  end  of  the  cast-iron  lever  a  slotted  crank  shaft  was  fixed  to  transmit  the 
motion  to  the  machine,  and  on  which  the  fly-wheels  with  driving  pulley  were 
secured.  The  crank  shaft  was  connected  by  a  link  capable  of  being  made 
longer  or  shorter  according  to  the  size  of  metal  required,  and  fixed  to  the  lever 
by  a  spindle.  The  lever  rocked  on  a  shaft,  which  also  carried  a  pinion  wheel ; 
while  rocking  it  actuated  the  breaking  jaw  by  means  of  blocks  connected  by 
a  bolt  running  through  them  from  the  jaw  stock,  and  attached  to  the  lever 
by  an  india-rubber  spring  and  nuts.  This  arrangement  also  gave  the  neces- 
sary pressure  to  the  jaws  working  against  the  revolving  roller.  The  rotating 
motion  of  the  horizontal  toothed  roller  was  effected  by  spur  and  pinion  wheels 
driven  by  a  belt  running  on  a  pulley  fixed  on  the  fly-wheel,  and  another 
pulley  mounted  on  the  shaft  which  carried  the  toothed  roller.  It  is  obvious 
that  this  form  of  construction  did  not  follow  the  best  and  simplest  mechanical 
movements,  and  although  it  was  a  decided  improvement  on  the  former 
machine,  still  the  great  wear  of  the  working  parts  and  the  strains  to  which 
it  was  subjected  when  working,  told  seriously  against  it  as  a  practical  and 
economical  macadam-breaking  machine. 

Many  different  forms  of  construction  have  been  adopted  from  time  to 
time  by  quarry  owners  and  others  to  attain  a  proper  working  machine 
which  would  produce  a  satisfactory  sample  of  macadam.  The  general 
method  followed  of  accomplishing  this  was  either  that  of  using  two  machines, 
one  for  sledging  the  rock,  and  the  other  for  reducing  it  to  road  metal,  or  of 
using  one  machine  only  and  directing  the  broken  material  by  a  shoot  to  a 
system  of  rolls,  which  acted  upon  the  long  or  flaky  pieces  of  stone,  reducing 
these  to  an  approximately  uniform  size. 

218.  *  Excelsior '  Breaker. — In  the  year  1872  a  stone-breaking  machine, 
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known  as  the  '  Excelsior,'  was  brought  from  Anstralia  to  this  conotry.  The 
iDventor,  Mr.  Hope,  iBtroduced  special  fealares  into  his  machine  ia  order  to 
obtaiD  a  anperiot  cubing  amogement. 

This  Btone-breaker  is  nhown  in  sectional  elevation  in  fig.  104.  It  will  be 
observed  that  the  lower  part  of  the  swinging  jaw  A  is  curved  backwards, 
the  teeth  fonning  the  face  of  the  jaw  beii^  continnons  from  top  to  bottom, 
and  made  to  a  pitch  of  3  inches.  The  fixed  jaw  6  had  the  teeth  npon  its 
upper  portion  placed  so  as  to  work  in  the  furrows  of  the  opposite  jav,  while 
towaids  the  lower  end  the  teeth  were  altered  so  as  to  work  against  and  oppo- 
site the  ridge  of  the  teeth  in  the  swinging  jaw.  The  object  of  this  was  to 
break  the  long  or  flaky  pieces  before  they  left  the  machine.  The  method  of 
operating  the  mechanism  was  carried  out  by  means  of  the  nsnal  fly-wheels  I 
and  pulley  J,  fixed  to  a  crank  shaft  H.  A  connecting  rod  O  attached  to  tbo 
crank  shaft  and  fixed  to  the  upper  end  of  the  rocking  lever  D,  working  on  a 
spindle,  communicated  the  motion  to  t^e  to^le  C,  causing  the  swinging 
jaw  to  reciprocate.     The  drawback  movement  was  provided  for  by  msans 


Fia.  104. — Section  of  Eope't  '  Eicelsioc '  breaker. 
of  a  rod  N  and  india-mbber  spring  0,  the  rocking  lever  being  held  in 
position  by  a  similar  arrangement.  This  stone-bceaker  possessed  many 
valuable  mechanical  features,  but,  owing  to  the  arrangement  of  the  jaws, 
did  not  provide  for  ths  stones  readjusting  themselves  while  passing  through, 
consequently  the  cubing  of  the  material  was  not  satisfactory. 

This  breaking  machine  was  used  in  a  few  of  the  counties  in  Scotland  for 
many  years,  and  performed  good  work  where  the  rock  was  of  a  tongh  and 
stubborn  nature ;  but  these  machines  have  now  been  superseded  by  stone- 
breakers  of  more  modern  construction. 
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219. — The  Ute  Ut  Marsden  made  a  further  attempt  to  imptove  the 
cubing  of  the  material  with  the  Blake  machine  by  a  learrangement  in  both 
the  swinging  and  fixed  jaws,  into  which  three  bende  were  introduced  with 
alternate  ridge  and  furrow  teeth  working  opposite ;  this  alteration,  however, 
proved  nneuccessful  both  in  regard  to  the  output  of  the  machine  and  the 
amount  of  waste  caused  bj  the  stones  being  crushed. 

Ibnden'B  8tone~lH«aker. — The  design  of  the  face  of  the  jawe  was 
altered  to  different  forms  from  time  to  time  as  experience  was  acquired; 
the  present  arrangemeot  of  the  teeth  in  the  swinging  and  fixed  jaws  of 
the  Marsden  machine  is  shown  in  fig.  106.  It  will  be  observed  that  the  jaws 
are  composed  of  four  parts,  and  can  be  renewed  as  the;  become  worn, 
the  break  between  them  admitting  of  the  stones  changing  their  position, 
ensuring  a  better  sample  of  macadam  being  produced  than  with  jaws  having 
teeth  continuous  from  top  to  bottom.  The  mechanism  and  working  of  this 
stone-breaking  machine  may  be  thus  described.  The  main  frame  X,  fig.  106, 
is  of  cast  iron.  The  swinging  jaw  A  is  suspended  from  a  shaft  and  breaks 
the  stones  by  vibrating  against  the  fixed  jaw  B.  The  motion  of  the 
swinging  jaw  is  obtained  through  the  toggles  C,  working  in  grooves  in  the 
swinging  jaw  and  block  M,  while  similar  groovee  are  made  in  the  connecting 
rod  O,  which  is  made  to  rise  and  fall  by  means  of  an  eccentric  fixed  on  the 
shaft  H,  which  carries  the  fiy-wheels  I  and  driving  pulley  J. 


Fio.  105.— H»rBden'fl  itone-bremking  DUu:l>iD«, 


When  the  connecting  rod  is  at  its  highest  point  on  the  eccentric  the 
toggle  plates  are  nearly  in  a  straight  line,  thus  producing  a  direct  stnun 
through  the  toggle  platee  from  the  swinging  jsw  A  to  the  block  M.  Id 
raising  the  connecting  rod  from  its  lowest  point,  however,  or  when  the  jaws 
are  opened  to  their  extreme  width,  a  considetable  tonional  strain  is  brought 
upon  the  connecting  rod,  and  also  on  the  shaft  carrying  the  eccentric  and 
fly-wheels.  For  this  reason  a  crucible  cast-steel  connecting  rod  has  been 
anbetitnted  to  minimise  the  breakages  inseparable  from  this  form  of  con- 
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etraction.  To  produce  fine  or  coarse  macadam,  the  swinging  jaw  can  be 
opened  or  closed  by  meana  of  the  screw  L  and  wedge  K,  The  dnwback 
movement  is  provided  by  the  rod  N,  attached  to  the  lower  part  of  the 
swinging  jaw,  and  filed  to  the  back  end  of  the  machine  by  means  of  an 
india-rubber  spring  0, 

220.  Blake-Handen  Stone-breaker. — Another  type  of  stone-breaking 
machioe,  made  by  Maisden  of  Leeds,  is  shown  in  sectional  elevation  in 
fig.  106.  It  is  known  as  the  improved  Blake,  or  lever  hand  hammer 
motion  stone -breaker.  The  letters  indicating  the  different  parte  of  the 
machine  are  arranged  as  in  fig.  105.   The  principle  followed  ia  somewhat 


Fia.  lOS-  — Blaka-Musden  hand  lerer  motioD  stoDs-bnaking  machiaet 


similar  to  that  of  the  original  Blake,  but,  as  in  all  machines  constructed  on 
the  lever  principle,  there  are  excessive  strains  due  to  working  at  high  speeds, 
and  to  the  rapid  reciprocating  action  of  the  jaws  and  moving  parte.  The 
different  types  of  stone-break JDg  machines  made  at  the  present  time  are  too 
numerous  to  describe  in  detail,  so  that  only  a  few  besides  the  Marsden  and 
Blake-Marsden  machines  will  be  mentioned. 

221.  Ur.  C.  £.  Hall  introduced  a  breaking  machine  in  1867  having  a 
multiple  action ;  that  is,  the  jaws  are  divided  into  two  parts  verticaUy,  and 
driven  separately  by  a  double  eccentric  on  a  main  shaft ;  in  other  words,  one 
jaw  recedes  as  the  other  advances.  The  action  of  the  connecting  rod  on  the 
eccentric  shaft  ia,  as  already  pointed  out,  an  objectionable  feature,  owing  to 
the  excessive  and  continual  strain  which  it  has  to  withstand.  '  Broadbent's ' 
and  also  *  Mason's '  stone-breakers  are  similarly  constructed ;  that  ia,  with 
toggles  and  a  connecting  rod  working  direct  on  a  sbaft  by  means  of  eccen- 
trics. These  machines  require  great  power  to  set  them  in  motion,  and  alsc 
to  drive  them,  while  the  principle  on  which  the  eccentric  works  in  this  class 
of  stone-breakers  is  such  that  a  considerable  amount  of  power  is  lost  in 
lifting  the  mecbanism  against  the  work  which  is  being  performed.  Notwith- 
standing  the  mechanical  defects  mentioned,  a  considerable  number  of  Broad- 
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benfs  macliines  are  working  in  different  parts  of  England,  especially  in  the 
Clee  Hill  district. 

222.  The  stone-breaking  machine  which  has  for  many  years  back  been 
extensively  used,  and  proved  most  satisfactory  in  regard  to  breaking 
capacity,  quality  of  the  macadam  produced,  reduced  wear  and  tear,  econo- 
mical working,  and  the  small  amount  of  motive  power  necessary  to  drive  it 
compared  with  all  the  others  mentioned,  is  that  patented  and  made  by  Mr. 
W.  H.  Baxter  of  Leeds.  This  stone-breaking  machine  combines  many 
valuable  improvements  suggested  by  practical  experience ;  the  portable  type 
of  machine  with  the  automatic  screening  and  loading  appliances  has  supplied 
a  great  want,  and  at  the  same  time  made  certain  work  attainable  which  with 
the  machines  formerly  in  use  was  impossible. 

Baxter's  Stone-breaker.— The  stone-breaker  (16  inches  by  9  inches) 
known  as  ''  Baxter's  Patent  Combined  Portable  Stone-breaking,  Automatic 
Screening,  and  Loading  Machine,"  will  be  described,  while  the  actual 
amount  of  work  which  it  is  capable  of  performing  and  the  cost  of  producing 
macadam  will  be  given  in  detail.  Various  sizes  of  this  type  of  stone-breaker 
are  constructed,  the  largest  made  being  known  as  a  24  in.  by  15  in.  machine, 
this  being  the  size  of  the  opening  between  the  jaws  where  the  rock  is  fed 
into  the  machine;  it  has  a  guaranteed  breaking  capacity  of  16  tons  per 
hour ;  the  smallest  size,  6  in.  by  4  in.,  breaks  30  cwts.  of  rock  per  hour. 
The  size  first  mentioned,  namely,  a  16  in.  by  9  in.  stone-breaker,  is  the 
most  suitable  machine  for  general  use  in  quarries  worked  under  County 
Councils,  for  providing  macadam  for  renewing  and  repairing  the  highways. 
The  breaking  capacity  of  tliis  machine  is  from  60  to  80  tons  per  day,  which 
amount  of  macadam,  hauled  direct  to  the  roads  under  repair,  will  provide 
constant  work  for  a  15-ton  roller  in  consolidating  the  metalling.  This 
arrangement  obviates  storing  the  material  in  the  quarry,  always  an  expensive 
operation,  which  will  be  referred  to  further  on.  A  sectional  elevation  of 
Baxter's  machine  is  shown  in  fig.  107.  As  in  those  already  described,  there 
is  a  cast-iron  frame,  X,  having  suitable  flanges  cast  at  the  lower  comers  for 
fixing  the  wrought-iron  axles,  and  to  which  the  collars,  swivel,  and  foot 
plate  are  secured,  for  the  road  wheels ;  while  means  are  provided  for  steer- 
ing at  the  front  end. 

A  fly-wheel,  I,  is  fixed  to  the  outer  end  of  the  crank  shaft  H  on  either 
side  of  the  frame,  and  to  one  of  these  wheels  the  driving  pulley  J  is  attached. 
The  crank  shaft  in  rotating  conveys,  by  means  of  the  connecting  rod  G, 
motion  to  the  rocking  lever  D  (the  weight  of  which  is  sustained  by  a  shaft 
D^  at  its  lower  end,  on  which  it  rocks),  and  actuates  the  toggles  C  C.  These 
in  turn  provide  for  the  '  knapping  motion  '  of  the  swinging  jaw  A,  which  is 
held  in  position  by  a  shaft  A^  at  the  upper  end,  and  gives  the  necessary  force 
to  break  the  rock  between  it  and  the  fixed  jaw  B.  The  ends  of  the  rocking 
lever  shaft  are  fitted  into  slide  blocks  placed  in  a  rectangular  recess  on 
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eaeli  aide  of  the  frame,  and  are  held  rigidly  in  a  vertical  position  by  meacH 
of  an  iroD  strap  and  bolts.  This  arrangement  admits  of  the  swinging 
jaw  being  opened  or  closed  by  means  of  tbe  wedge  K  and  screw  L 
acting  OD  the  toggle  block  M,  and  provides  for  the  rocking  level 
moving  laterally  so  as  to  enable  long  or  short  tc^les  being  fized 
between  it,  the  swingiog  jaw,  and  the  toggle  block.  Rollers  are  substituted 
in  the  more  recent  niacbines  for  this  purpose  with  a  view  to  reduce 
the  friction  nnd  wear  of  these  parts  to  a  miniiDiim.  A  positive  drawback 
movement  is  obtained  by  the  rod  and  chain  X  fastened  at  one  end  tu  the 


Fib.  107. — SecKontI  •levatioii  of  Ukitor'a  stoae- break log  nwoLiDs. 
throngb  bolt  N^,  which  also  retains  the  jaws  in  the  jaw  stock  in  proper 
position,  and  prevents  them  from  becoming  loose.  The  chain  portion  of  the 
drawback  arrangement  passes  over  a  pulley  N^,  the  other  end  being  fastened 
to  a  pin  in  the  rocking  lever.  This  pulley  is  kept  taut  by  means  of  a  forked 
attachment  screwed  at  one  end,  and  attached  at  the  other  by  a  bolt  and  nut 
to  the  pulley.  The  screwed  end  passes  through  a  cross-bar  of  wood  0, 
strengthened  by  a  thin  steel  plate,  which  fits  into  a  recess  at  the  end  of  the 
frame,  the  whole  attachment  being  regulated  by  a  handle  P.  The  cross-bar 
0  is  purposely  made  elastic,  so  that  any  undue  or  accidental  strain  trans- 
mitted to  the  mechanism  may  be  instantly  relieved  by  its  yielding  to  that 
strain.  It  will  be  apparent  that  by  this  arrarigement  the  movements  are  all 
in  one  direction  and  tbe  reciprocating  parts  thoroughly  balanced,  which  in 
actual  working  saves  motive  power,  while  breaki^^ea  are  practically  unknown 
when  tbe  machine  is  kept  in  efficient  order.  By  having  a  positive  drawback 
movement  tbe  undesirable  indta-rubber  spring  is  dispensed  with,  an  arrange- 
ment common  to  most  other  stone-breaking  macliiaes,  which  absorbs  a 
considerable  amount  of  power  in  compressing  the  spring  to  the  extent 
required  for  returning  the  swingiug  jaw  after  the  completion  of  its  stroke. 

It  will  be  observed  that  the  toggles  working  in  the  toggle  bearings  c',  and 
operated  by  the  rocking  lever  through  tbe  shaft,  provides  an  intermediate 
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arrangement  between  the  driving  shaft  and  the  jaws  for  breaking  the  stones. 
At  the  same  time  great  irregularity  of  movement  is  given  to  the  jaws  by 
having  compound  toggles,  and  this  also  gives  the  most  powerful  and  direct 
blow  possible  to  the  reciprocating  or  breaking  jaw. 

The  teeth  in  the  swinging  jaw  stock  are  made  straight  from  top  to 
bottom ;  the  upper  ones,  3^  inches  apart,  project  beyond  those  below  them ;  on 
the  face  of  the  upper  fixed  jaw  the  teeth  are  also  projecting,  but  the  teeth  of 
the  lower  fixed  jaw  are  made  with  four  bends,  as  shown  in  section  in  fig.  107, 
and  are  spaced  2^  inches  apart,  so  that  their  ridges  work  into  the  furrows  of 
the  teeth  on  the  opposite  jaw.  The  large  vertical  space  provided  by  this  means, 
and  the  fixing  of  the  upper  jaw  in  the  swinging  stock  so  as  to  project  over  the 
lower  one,  enables  the  material  which  is  sledged  by  the  upper  jaws  to  be 
altered  in  position  relatively  when  passing  through  the  lower  or  cubing  jaws. 

This  arrangement  produces  a  more  cuboidal  sample  of  macadam  and 
less  waste  than  when  the  teeth  of  all  the  jaws  are  continuous  and  straight 
from  top  to  bottom,  or  where  unnecessary  variations  of  form  are  introduced 
in  all  the  four  or  more  jaws  usually  employed.  The  fixed  jaws  are  retained 
in  position  by  means  of  side  wedges  Q,  those  in  the  swinging  stock  being 
run  in  with  white  metal  and  further  secured  by  means  of  through  bolts. 
Ck)n8idering  the  amount  of  work  done  by  the  jaws  there  is  considerable 
wear,  and  various  kinds  of  metal  have  been  tried,  such  as  manganese-steel, 
in  order  to  produce  better  and  more  economical  results.  The  latest  descrip- 
tion of  material  for  this  purpose  is  known  as  '  Knaponised '  castings.  It  is 
admitted  this  material  is  superior  and  can  be  produced  at  less  cost.  The 
bearings,  where  necessary,  are  provided  with  brass  bushes ;  the  shafts  and 
other  important  parts  are  well  protected,  and  give  little  trouble  in  actual 
working.  Special  means  are  provided  for  properly  lubricating  the  working 
parts ;  this  demands  great  care  in  order  to  prevent  the  admission  of  dust  to  the 
bushes  and  shafting,  which,  if  permitted,  would  quickly  wear  out  these  parts. 

The  framework  for  carrying  the  screens,  elevating  belt,  and  delivery- 
shoot,  is  shown  in  front  and  end  elevations  in  figs.  108  and  109.  The 
breaking  machine  mounted  on  wheels,  with  the  fixings  employed  for  retaining 
it  perfectly  rigid  while  at  work,  and  feeding  platform,  are  also  illustrated. 

The  principal  part  of  the  framework  is  made  of  channel  irons  a,  fixed 
on  each  side  of  the  main  frame  of  the  machine ;  and  extending  to  the  rear 
of  it  a  sufficient  length,  accommodates  the  lower  revolving  screen  b,  the 
dram  c  for  the  elevating  belt,  and  the  necessary  gearing  for  operating 
them.  On  these  channels  an  open  framework  of  iron  bars  of  different 
section  is  erected  as  shown  in  figs.  108  and  109  ;  these  carry  the  pedestal 
bearings  d  for  the  screen  e,  elevating  belt  /,  and  also  the  delivery  and  return 
shoots  g  and  h.  The  lower  revolving  screen  is  fixed  on  two  '  spiders '  which 
are  keyed  to  the  shaft  b'  running  through  them ;  this  shaft  revolves  in  a 
bearing  t  on  the  front  of  the  machine,  while  at  the  other  end  it  nms  in 
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a  pedestal  bearing  j  fixed  to  the  iron  croas-beareT  h,  which  aleo  aecares 
the  channel  irons  tc^ethei  at  a  fixed  distance  apart  This  abaft  likewise 
carries  the  hollow  drum  on  which  the  elevating  belt  gyrates,  and  to  which 
it  is  properly  keyed.  The  revolving  of  this  screen  is  provided  for  by  means 
of  a  bevelled  wheel  I,  fixed  on  the  rear  part  of  the  drum  in  which  a  pinion  m 
works  at  right  angles  to  the  shaft  h'  of  the  screen.  The  spindle  n  on  which 
this  pinion  ia  keyed  revolves  in  the  pedestal^  carrying  the  lower  screen  and 
shaft,  while  at  the  other  end  it  runs  in  a  bush  attached  to  one  of  the 
channel  irons,  on  the  end  of  which  is  keyed  the  pulley  wheel  o;  it  is  also 
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connected  by  a  driving-belt  to  the  cone  p,  on  the  fly-wheel  shaft  'i,  so  as  to 
actunte  the  mechanism  connected  with  the  lower  screen. 

The  top  revolving  screen  and  drum  are  fixed  in  a  simikr  manner ;  the 
shaft  e,  which  carries  them,  runs  in  two  upright  pedestal  bearings  rf,  which 
rest  on,  and  are  fixed  to,  the  top  of  the  bracing  and  bracket  pedestal  as 
shown  in  the  figures.  Wooden  blocks  are  usually  inserted  between  the 
brackets  and  the  parts  carrying  them ;  these  can  he  raised  or  lowered  by 
wedges  in  order  to  accommodate  the  elevator  belt  to  the  varying  atmosplieric 
conditions.  This  means  of  raising  or  lowering  the  top  screen,  and  con- 
sequently regiilaiing  the  length  of  the  elevator  belt,  can  only  be  carried  out 
when  the  machine  is  at  rest,  and  may  probably  necessitate,  should  a  sudden 
change  in  the  temperature  take  pinca,  stopping  the  machine  to  rectify  this, 
which  would  involve  a  loss  of  time. 
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2X8,  Lifting  Arrangemant  for  Top  Screen.— The  author  has  adopted 
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an  arrangament  which  preveiita  thta  delay,  and  also  ensures  the  Bbafta  of  the 
lower  and  of  the  top  revolving  screens  being 
maintained  at  their  proper  distance  apart 
while  the  machine  ia  working.  This  device, 
which  ia  very  efScient  for  the  purpose  in- 
tended, also  maintains  the  pedestals  and  shaft 
of  the  top  revolving  screen  perfectly  rigid ; 
it  ii  constructed  and  operated  in  the  fol- 
lowing manner. 

Two  pedestals,  d,  are  made  in  the  form 
ahown  in  fig.  110,  and  are  bolted  permanently 
to  the  top  of  the  framework  at  one  end,  and 
to  the  brackot  at  the  other  end.  Two  metal 
blocks,  fig.  110,  occupy  the  central  or  open 
portion  of  the  pedestal,  that  at  A  being  fixed, 
while  provision  is  made  for  the  screw  C  work- 
ing through  it  vertically ;  tlie  block  B  carries 
the  end  of  the  shaft  of  the  revolving  screen 
in  each  pedestal,  and  is  arranged  so  as  to  slide 
in  a  receaa  on  either  side,  which  secures  its  position  horiiohtally.     When 
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and  lowering  arrangement 
as  applied  to  Bailer's 
machine. 
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the  breaking  machine  is  not  working,  the  block  B,  carrying  the  top  screen 
and  drum  over  which  the  elevating  belt  works,  is  lowered  towards  the  fixed 
block  A,  by  means  of  the  screw  operated  by  a  key.  Before  starting  work 
the  top  screen  is  raised  at  each  end  sufficiently  high  to  make  the  elevating 
belt  taut ;  the  further  regulating  of  it  being  carried  out  during  the  day  when 
found  necessary.  By  this  means  the  shaft  of  the  revolving  screen  can  be  kept 
perfectly  level,  which  is  a  considerable  advantage,  and  ensures  the  elevating 
belt  working  properly  on  the  drum,  thereby  saving  unnecessary  wear. 

The  expansion  of  the  india-rubber  elevating  belt  varies  according  to  the 
heat  prevailing,  and  is  considerable  at  times  ;  a  rise  of  1  inch  in  the  sliding- 
block  B  will  represent  fully  2  inches  in  the  length  of  the  belt. 

224.  The  elevator  belt  consists  of  india-rubber  sheet  4  to  6  ply  in 
thickness,  16  inches  broad  and  about  26  feet  long,  an  allowance  being  made 
for  joining  the  two  ends  by  overlapping.  The  lifting  buckets  are  spaced 
about  12  inches  apart  on  the  inner  side  of  the  belt,  and  are  attached  to  it  by 
means  of  plates  and  bolts  which  work  between  the  flanges  of  the  drums. 
The  actual  wear  caused  by  friction  on  the  drums  is  provided  for  by  attaching 
strips  of  india-rubber  sheeting  about  3^  inches  wide,  close  to  the  outer 
edges  of  the  inner  side  of  the  lifting  belt,  and  against  the  sides  of  the 
buckets. 

The  portions  of  the  elevating  belt  between  the  buckets  are  protected  by 
narrow  plates  or  by  sheet  iron  properly  attached  to  it. 

An  improved  form  of  elevator  belt  is  now  made  which  is  non-stretchable 
in  comparison  with  those  made  of  india-rubber.  It  consists  of  steel  stripe 
overlapped ;  a  strip  of  the  same  material  runs  round  the  whole  length  at 
both  edges,  and  in  addition  india-rubber  sheeting  3  in.  wide  is  placed 
outside  and  inside  and  bolted  together.  Strengthening  plates  are  provided 
on  the  belt  where  the  buckets  are  fixed.  Steel  woven  wire  may  also  be  used 
for  this  purpose.  A  bracket  carrying  a  small  roUer  wheel  is  fixed  on  to 
the  cross-bar ;  this  prevents  the  elevator  belt  coming  into  contact  with  the 
frame.  An  arrangement  on  the  bracket,  working  in  a  slot,  admits  of  the 
roller  wheel  being  moved  in  a  horizontal  line  so  as  to  permit  of  the  belt 
being  made  tight  or  slack  when  necessary.  By  this  arrangement  the  lifting 
apparatus  described  on  p.  209,  and  shown  in  fig.  1 10,  can  be  dispensed  with 
when  this  improved  belt  and  accessories  are  used. 

The  *  top  drive '  arrangement  shown  in  fig.  Ill  is  a  decided  improve- 
ment on  the  older  form,  as  by  its  adoption  the  top  screen  is  driven 
direct  from  the  pulley  on  shaft  of  breaking  machine.  By  this  method 
of  actuating  the  screen  the  belt  and  gearing  are  removed  from  the  lower  part 
of  the  machine,  where  they  were  subject  to  damage,  and  caused  delays 
through  carts  and  wagons  coming  into  contact  with  these  parts.  The  wear 
and  tear  is  also  minimized  by  reason  of  the  great  amount  of  dust  prevailing 
at  the  lower  back  end  of  a  breaking  machine. 
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The  upper  part  of  the  delivery  shoot  g  is  fixed  to  the  cross-bar,  tind,  by 
Knothet  bar  of  iron  formed  as  a  strut,  fixed  to  the  maia  frame  of  the 
machioe  and  to  one  of  the  vertical  bars.  The  ehoot  ie  ptovided  with  sides 
and  if  necessary  with  a  division  in  the  centre  for  retaining  the  different 
siies  of  macadam  separately;  it  is  also  fitted  with  a  hinged  door  for 
storing  a  limited  quantity  of  metalling  during  the  interval  between  the 


departure  of  the  loaded  carls  and  wagons,  and  placing  in  position  those  which 
are  about  to  be  loaded.  The  return  shoot  A  is  placed  so  that  any  rejectors, 
or  pieces  too  large  to  go  through  the  boles  in  the  top  revolving  screen,  fall 
into  it  and  are  carried  back  to  the  jaws  of  the  breaker. 

22S.  UotiTe  Power  to  drive  Stone-breaker, — The  motive  power 
required  to  drive  this  class  of  stone-breaking  machine,  including  the  auto- 
matic lifting  and  screening  arrangements,  is  generally  provided  by  an  6  b.-p. 
(nominal)  traction  or  road-engine.  Where  a  permanent  breaking  plant  is 
er»ctod  tbe  driving  power  is  invariably  supplied  by  a  stationary  engine 
ander  a  suitahle  building  to  protect  it  from  the  weather  and  dust  from  tha 
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breaking-machine.  The  power  required  to  drive  Baxter's  stone-breakers  may 
be  taken  at  1  h.-p.  nominal  for  every  ton  the  machine  is  guaranteed  to 
break  per  hour.  The  cost  of  a  plant  similar  to  that  described  in  the  fore- 
going sections  is  £305. 

The  removal  of  the  breaking-machine  from  one  quarry  or  dep6t  to  another 
is  generally  performed  by  the  same  engine  which  drives  it  when  breaking. 
Road-rollers,  however,  may  be  at  times  made  use  of  for  this  work. 

226.  Setting  and  Workiiig  a  Stone-breakiiig  Machina — When  the 
stone-breaking  plant  arrives  at  the  quarry  where  operations  are  to  be  carried 
on,  it  is  necessary,  in  the  first  instance,  to  place  the  road  wheels  of  the 
breaking  machine  on  planks,  previously  levelled  horizontally  and  trans- 
versely. The  site  for  placing  the  planks,  and  consequently  the  position  of 
the  breaking  machine,  should  be  selected  so  as  to  be  situated  centrally  in 
relation  to  the  heap  of  quarried  rock  to  be  broken.  By  giving  this  matter 
attention  the  length  of  the  'barrow  runs'  may  be  equalized,  which  will 
result  in  the  cost  of  wheeling  being  reduced  to  a  minimum.  The  wheels 
of  the  machine  should  \ye  properly  secured,  so  that  there  will  be  as  little 
movement  as  possible  caused  by  the  machine  when  working.  By  referring 
to  figs.  108  and  109  the  usual  method  of  attaining  this  end  is  illustrated. 

The  two  planks  r  r,  12  inches  by  6  inches  and  10  feet  long,  after  being 
properly  levelled,  are  so  spaced  as  to  ensure  that  the  travelling  wheels  will 
rest  on  them  centrally.  Wooden  blocks  1 1  inches  by  5 J  inches,  generally 
made  in  one  piece,  are  placed  on  each  plank  between  the  front  and  rear 
wheels  and  properly  formed  at  either  end  to  fit  the  curvature  of  the  flanges 
of  the  wheels.  Two  other  sets  of  blocks,  but  curved  at  one  end  only,  are 
placed  in  position  against  the  front  and  rear  wheels.  Two  planks,  11 
inches  by  3  inches,  provided  with  J-inch  iron  plates,  are  then  placed  one  in 
front  and  the  other  at  the  rear.  These  plates  serve  the  purpose  of  washers 
attached  to  the  outside  of  the  planks  opposite  the  wheels,  and  should  be 
sufficiently  long  to  admit  of  the  through  bolts  placed  on  either  side  of  the 
wheels  being  properly  embraced  by  them. 

All  the  blocks  and  cross  planks  are  kept  rigidly  in  position  by  four 
through  or  side  bolts  1  inch  in  diameter,  one  being  placed  on  either  side  of 
each  of  the  wheels  and  provided  with  screws  at  either  end ;  this  arrange- 
ment lends  itself  to  speedy  handling,  while  all  the  bolts  are  firmly  secured 
by  nuts. 

The  rear  end  of  the  framework  at  the  elevating  belt  requires  to  be 
supported  and  made  as  rigid  as  possible ;  this  is  readily  accomplished  by 
means  of  two  planks  with  uprights  between  and  tied  together,  or  they  may 
be  braced  as  shown  in  the  end  elevation,  fig.  109. 

The  feeding  platform  is  erected  by  fixing  a  few  uprights  about  5  feet 
clear  of  the  framework ;  these  are  placed  on  the  opposite  side  of  the  machine 
on  which  the  delivery-shoot  is  att^hed;  the  cleading,  which  forms  the 
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floor  resting  on  the  cross  bearer  of  the  iron  framework,  is  fixed  immediately 
below  the  level  of  the  mouth  of  the  machine.  Side  pieces  of  timber  are 
fixed  round  the  feeding  platform  to  prevent  any  stones  falling  into  the 
working  parts  of  the  breaker,  while  the  top  of  the  cleading  is  sometimes 
covered  with  iron  plates ;  this  precaution  preserves  the  planks,  which  are 
otherwise  quickly  worn  through  by  the  incessant  dimiping  of  stones  on 
it)  and  by  the  subsequent  shovel  work  in  transferring  the  material  to  the 
jaws  of  the  machine.  Barrow  runs  are  then  arranged,  having  easy  gradients 
from  the  quarry  floor  to  the  feeding  platform,  the  sledged  material  being 
generally  wheeled  to  the  machine  by  four  men,  but  when  the  distance  is 
considerable  five  or  six  men  may  be  required  for  this  work.  If  the  stone- 
breaking  machine  has  been  placed  at  a  suitable  point  in  relation  to  the 
quarried  rock,  a  less  nimiber  of  men  will  be  necessary  to  wheel  the  material 
to  the  feeding  platform  than  when  the  site  has  been  selected  to  suit  other 
minor  considerations.  Before  the  actual  breaking  operations  are  commenced, 
the  machine  should  be  run  while  empty  for  a  few  minutes  to  ascertain  if  all 
the  working  parts  are  in  proper  order. 

The  feeding  of  the  material  into  the  jaws  of  the  machine,  t,  figs.  108 
and  109,  is  performed  by  two  men,  who  place  the  large  pieces  of  rock  into 
it  by  hand,  and  the  smaller  material  by  shovels,  so  as  to  keep  up  a  steady 
and  constant  supply  of  stones  in  order  that  the  capacity  of  the  breaker 
may  be  utilized  to  its  full  extent,  without  overstraining  or  choking  talking 
place.  Stone-breakers,  into  the  jaws  of  which  the  material  is  shot  or  tipped 
in  a  promiscuous  manner,  do  not  produce  macadam  so  well  cubed  as  when 
hand-fed;  by  the  latter  means  the  rock  can  be  placed  in  the  machine 
with  due  regard  to  its  line  of  cleavage,  while  the  amount  of  screenings  is 
considerably  less  than  in  the  former  method  of  feeding.  The  material, 
after  passing  through  the  jaws  of  the  machine,  is  conveyed  by  means 
of  a  shoot  u  to  and  passed  along  the  lower  revolving  screen  b ;  the  dust, 
chips,  and  gravel  deposited  underneath  are  removed  and  placed  in  separate 
heaps  at  some  convenient  point  for  future  use.  The  actual  macadam, 
including  the  rejectors  or  large  pieces  of  stone,  and  which  should  form  a 
fairly  large  proportion,  are  delivered  into  the  elevating  belt  and  buckets  /, 
and  then  conveyed  to  the  top  drum,  where  the  material  is  discharged  into 
the  top  revolving  screen  c  by  means  of  a  shoot. 

227.  The  maximum  size  of  the  macadam  will  be  determined  by  the 
diameter  of  the  holes  in  the  top  screen;  any  stones  exceeding  that  size 
must  necessarily  pass  to  the  end  of  the  screen,  and,  falling  into  the  rejector 
shoot  ^  pass  through  the  jaws  of  the  breaking  machine  again.  By  opening 
the  jaws  somewhat  wider  than  is  necessary  for  the  size  of  the  metal  aimed 
at,  especially  when  breaking  rock  of  a  brittle  nature,  the  best  sample 
of  macadam  will  be  obtained,  and  a  less  percentage  of  screenings  be 
produced. 
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Til  quarries  where  the  breaking  machinery  is  placed  in  a  permanent 
position,  and  especially  where  more  breakers  than  one  are  employed,  the 
material  from  the  quarry  face  is  generally  transported  to  the  breakii^ 
machines  by  means  of  bogies.  The  tram-roads  are  laid  to  and  adjoin  the 
feeding  platforms ;  these  platforma  are  inclined  towards  the  jaws  of  the 
machine  on  to  which  the  rock  is  tipped;  one  man  guides  and  re^pilatea 
the  materia]  into  the  mouth  of  the  machines  with  an  iron  rod>  Under 
such  circumstances  the  stone-breaking  machines  are  generally  (at  all  events 
those  used  for  sledging  the  rock)  of  a  comparatively  laige  size,  bo  that 
careful  feeding  is  not  so  important  as  in  smaller  machines.  Before  detailing 
the  amount  of  work  done  by  a  stone-breaking  machine  and  the  cost  of 
production,  it  will  be  necessary  to  explain  the  means  adopted  in  removing 
and  replacing  the  jaws  when  they  become  worn,  and  the  arrangement 
employed  by  which  the  top  revolving  screen  is  removed  when  necessary  in 
transferring  the  machine  from  one  quarry  to  another. 

The  crane  arrangement  for  lifting  out  and  replacing  the  jawa  consiflts 
of  two  T-iron  uprights  fitted  into  recesses,  and  bolted  to  the  framework 
on  either  side  close  to  the  position  occupied  by  the  jaws.  At  the  upper 
end  a  crosa-bar  on  edge  is  fitted,  and  a  hook  with  block  sod  tackle  attached 
for  lifting  and  lowering  the  jaw  stock  and  fixed  jaws.  The  renewii^  of 
the  jaws  in  the  jaw  stock  requires  careful  attention,  as,  should  the  white 
metal  not  be  uniformly  run  in  and  around  the  jaws,  breakage  may  take 
place  when  at  actual  work. 

228.  Bemoving  Top  Screen  when  TravelliDg. — The  top  revolving  screen 


should  for  convenience  and  safety  be  unshipped  when  removing  the  machine 
from  one  quarry  to  another,  especially  in  tliickly -wooded  districts  and  in  places 
where  the  service  roads  are  tortuous  and  rough.  The  process  of  lowering 
it  down  by  means  of  ropes  and  planks  is  not  wholly  free  from  danger, 
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while  the  time  occupied  in  either  lifting  or  lowering  the  screen  is  con- 
siderable. A  simple  means  adopted  by  the  author  for  this  purpose  consists 
of  two  iron  standards  bolted  to  each  pedestal  block,  as  shown  in  fig.  112. 
A  cross-bar  A  with  check  studs  is  fitted  into  a  recess  of  and  extends 
between  the  standards  B ;  the  hook  C  on  this  bar  is  attached  to  the  block 
and  tackle  D.  The  standards  and  cross-bar  require  to  be  of  such  height 
that  when  the  lifting  block  is  attached  there  will  be  ample  space  for  the 
top  of  the  screen  clearing  the  cross-bar  and  the  ends  of  the  shaft  becoming 
disengaged  from  the  sliding  blocks  in  the  pedestal  bearings.  When 
travelling,  the  height  of  these  standards  would  in  most  cases  prove  incon- 
venient ;  provision  is,  therefore,  made  for  the  removal  of  one  of  the  stud 
bolts  on  either  side,  so  that  each  standard  can  be  folded  over  inwards  to 
the  level  of  the  pedestal  block  and  secured  in  that  position,  as  shown  by 
the  dotted  lines  in  the  illustration. 

229.  Quantity  of  Macadam  broken  and  Co6t  per  Ton. — The  amount 
of  rock  reduced  by  sledging  to  a  proper  size,  namely,  16  inches  by  9  inches, 
which  a  stone-breaking  machine  of  the  size  described  can  break  in  one 
day,  will  depend  on  the  nature  of  the  rock  operated  on  and  the  number 
of  hours  the  machine  is  at  work,  while  the  climatic  conditions  also  enter 
largely  into  the  question  of  the  actual  performance  of  the  machine.' 
Taking  an  average,  based  on  an  experience  extending  over  a  considerable 
number  of  years,  the  author  finds,  taking  all  classes  of  '  whinstone '  into 
consideration,  that  it  amounts  to  from  64  to  68  tons  of  macadam  broken  in 
nine  hours.  The  amount  of  chips  and  gravel  produced  will  necessarily  vary 
according  to  the  nature  of  the  rock,  and  the  percentage  may  be  as  high  as 
5  cwts.  per  ton  of  rock  broken,  while  with  material  of  a  tough  nature  the 
amount  of  screenings  may  only  be  3  cwts.  per  ton.  The  weight  of  the  chips 
and  gravel  is  ascertained  occasionally,  so  as  to  fix  the  proportion  of  screenings 
to  macadam.  The  average,  however,  may  be  taken  as  3^  cwts.  per  ton  of 
rock  broken,  which  will  make  the  inclusive  weight  of  material  broken  by 
one  of  Baxter's  16  inch  by  9  inch  automatic  and  screening  machines  from 
75^^  to  80  tons  per  day  of  nine  hours.  This  may  be  taken  at  8^  tons  per 
hour,  but  under  favourable  conditions  from  80  to  90  tons  of  metal  may  be 
broken  each  day.  During  a  period  of  forty-eight  days  in  one  of  the  quarries 
under  the  author's  supervision  the  total  quantity  of  metalling  broken  was 
4032  tons,  or  equal  to  84  tons  per  day  of  nine  hours.  The  amount  of 
the  screenings,  consisting  of  chips  and  gravelly  material,  is  generally  in 
excess  of  the  requirements  in  most  districts.  It  will  be  more  conclusive, 
therefore,  in  arriving  at  the  cost  of  producing  macadam,  to  calculate  the 
price  of  the  material  actually  applied  to  the  roads  for  renewal  or  main- 
tenance purposes. 

It  may  be  mentioned,  in  passing,  that  the  chips  and  gravel  afford  an 
excellent  material  for  binding  in  connection  with  rolling  operations,  and 


2l6  ROAD   MAKTKO   AND   MAINTENANCE. 

when  thus  employed,  or  made  use  of  for  repairing  footpaths,  the  value  of  the 
material  used  should  be  credited  on  the  side  of  breaking. 

For  the  purpose  of  determining  the  cost  of  producing  macadam  by 
means  of  a  stone-breaking  machine,  the  actual  or  serviceable  material  which 
can  be  applied  directly  to  the  roads  will  be  considered  first. 

Table  XXV. 

Cost  of  breaking  macadam  by  machinery. 

EDgineman, £0    4    0- 

Coals   (steam  navigation)  for   stone-breaking  machine, 

6  cwts.,  including  carting  an  average  distance  of  2 

miles,  at  128.  per  ton, 0    8    8 

Carting  water  for  stone-breaking  machine,  one-third  day 

ofa  horse  at  88., 0    2    8 

Foreman  of  breaker, 0    8    8 

Feeders,  two  men  at  88.  6d., 0    7    0 

Barrowmen  (performed  by  contract  at  3d.  per  ton  on 

77  tons  of  rock), 0  19    8 

Removing  chips  and  gravel,  two  men,  .        .        0    6    8 

Lubricants  and  waste  for  engine  and  breaker,  .  0    18 

Allow  for  time  lost  in  removing  plant  from  one  quarry 

to  another  once  in  three  weeks,  one  day  of  whole  squad,        0    2    6 
Depreciation  on  engine  and  repairs,  including  sleeping 

van  and  water  cart, 0    4    0 

Depreciation    and    repairs    on   stone-breaker,   including 

renewal  of  jawa,  lifting  belts  and  buckets,  screens,  etc.,        0    8    0 

Costing  of  breaking  per  day,    .        .        .      £2  17    8 

This  is  the  actual  expenditure,  including  depreciation  on  one  day's  work. 
If  66  tons  of  macadam  be  taken  as  an  average  day's  breaking,  the  cost  will 
be  10*48d.  per  ton. 

This  is  increased  beyond  the  actual  working  expenses  by  the  necessity 
of  recording  the  weight  of  the  broken  material,  which  is  performed 
immediately  after  breaking,  and  before  it  is  removed  to  the  roads  under 
repair.  This  is  effected  by  means  of  a  portable  steelyard,  such  as  Pooley's 
agricultural  type  of  weigh-bridge,  the  parts  of  which  are  easily  put  together 
or  removed;  it  is  of  a  light  but  strong  construction,  and  can  be  readily 
adjusted.  The  cost  of  weighing  the  macadam,  including  depreciation  and 
repairs  of  the  machine,  may  be  taken  at  3s.  2d.  per  day,  or  equal  to  0'58d. 
per  ton.  This  additional  expenditure  may  not  be  absolutely  necessary, 
but  it  is  advisable  to  ascertain  exactly  the  quantity  of  macadam  broken 
each  day.  When  the  haulage  of  the  metalling  from  the  breaker  to  the 
highways  is  performed  by  contract,  it  becomes  indispensable  to  weigh 
the  macadam. 

There  are  other  circumstances  which  have  also  to  be  considered  in 
arriving  at  the  ultimate  actual  cost  of  producing  macadam  by  means  of 
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a  breaking  machine,  as,  for  instance,  the  inclement  nature  of  the  weather 
or  a  breakdown.  In  the  latter  case,  if  the  machine  is  kept  in  an  efficient 
state  of  repair  and  properly  managed,  the  loss  by  such  a  possibility  is 
very  small  indeed.  In  the  former  case  it  will  depend  entirely  on  the 
weather,  and  as  the  leading  hands  are  paid  full  time  even  during  delays 
caused  by  wet  weather  or  otherwise,  it  is  necessary  to  aUow  a  sum  to  cover 
this  loss.  The  experience  of  the  author  is  that  an  amount  equal  to  0*32d. 
per  ton  will  be  ample  to  meet  such  a  contingency.  These  items  summarized 
represent  the  actual  cost  of  preparing  macadam  delivered  into  carts  or 
wagons  under  ordinary  conditions,  and  are  as  follows : — 

Table  XXVI. 

Pence  per  ton. 

Coet  of  breaking  macadam, 10*48 

Weighing  macadam, 0*58 

Contingencies, 0*82 

Total  cost, 11*83 

In  the  event,  however,  of  a  quantity  of  cliips  and  gravel 
being  utilized  in  rolling  or  for  other  operations,  a  sum 
equal  to  say  50  per  cent,  of  the  value  of  the  total  amount 
of  screenings  should  be  deducted,  amounting  to,         •        .        1*24 

Total  cost  after  deduction,        .        .  .10*09 

The  cost  of  labour  and  the  fuel  for  the  engines  have  a  bearing  on  the 
total  cost  per  ton  of  macadam  broken,  and  may  vary  considerably  in 
different  counties  and  districts.  The  author  has  on  many  occasions  accom- 
plished this  work  for  9d.  per  ton  (but  the  inclusive  cost  has  generally  been 
10^.)  by  arranging  the  work  to  be  carried  out  during  the  most  suitable 
months  of  the  year.  If  the  working  expenses  incurred  be  calculated  on 
the  total  amount  of  rock  broken  each  day,  then  the  cost,  taking  the  quantity 
as  77  tons,  would  be  9d.  per  ton. 

It  is  of  importance  that  the  working  parts  be  kept  in  good  order,  so  that 
unnecessary  delays  may  be  avoided.  Should  the  amount  of  metal  broken 
each  day  be  reduced  in  quantity,  through  delays  or  breakdowns,  to,  say, 
45  tons,  then  the  actual  cost  of  production  will  be  increased.  In  the  case 
instanced  the  cost  would  be  Is.  2d.  per  ton.  Referring  to  par.  229,  p.  215,  the 
cost  of  producing  the  macadam  during  the  period  stated  amounts  to  8^. 
per  ton  of  metal  broken. 

On  referring  to  p.  195  it  will  be  seen  that  the  comparative  cost  of  hand- 
broken  macadam  is  Is.  3d.  to  2s.  6d.  per  cubic  yard,  or  Is.  l^d.  and  2s.  3d. 
per  ton  respectively.  The  average,  however,  may  be  taken  at  Is.  9d.  per 
ton,  which  represents  the  price  paid  for  this  class  of  work  previous  to  the 
introduction  of  stoue-breaking  machinery  into  the  district  of  which  the 
author  has  charge  ;  but  it  may  be  incidentally  remarked  that  the  price  lot 
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haud-broken  macadam  is  now  macb  higher.  The  difference  in  the  cost  of 
production  between  hand-  and  machine-made  macadam  is  therefore,  taking 
lid.  per  ton  for  the  latter,  nearly  48  per  cent,  in  favour  of  macadam  produced 
by  a  stone-breaking  machine.  It  may  be  mentioned  here,  although  the 
matter  will  be  described  fully  in  the  chapter  on  'Rolling,'  that  the 
macadam  produced  by  a  breaking  machine,  being  properly  screened,  makes 
a  much  superior  road  surface  compared  to  that  which  can  be  made  with 
unscreened  hand-broken  metal. 

If  hand-broken  metal  be  screened  so  as  to  improve  its  wearing  capacity, 
then  the  saving  in  favour  of  macadam  produced  by  machinery  wUl  be  still 
greater. 

280.  The  requirements  of  a  district  or  county  in  regard  to  the  quantity 
of  macadam  required  for  maintenance  will  depend  in  a  great  measure  on 
the  amount  of  traffic,  the  quality  of  the  material  used,  and  the  mileage  of 
roads  to  be  repaired  each  year.  When  the  quantity  does  not  exceed  8000 
or  10,000  tons  each  year,  one  stone-breaker  of  the  construction  and  size 
described  will  accomplish  this  in  from  seven  to  eight  months,  allowing  for 
the  time  lost  by  occasional  wet  weather  and  other  causes.  If  the  quantity  of 
metalling  required  each  year  exceeds  these  figures,  it  will  be  more  economical 
to  employ  two  or  more  machines,  so  that  the  total  quantity  necessary  for 
repairs  may  be  broken  during  the  summer  months.  One  stone-breaking 
machine  working  during  the  whole  year  in  different  quarries  will  be  capable 
of  producing,  in  addition  to  the  8000  tons  already  mentioned,  a  quantity 
during  the  other  four  or  five  months  of  the  year  of  from  3500  to  4400  tons, 
or  a  total  for  the  whole  season  of  from  12,400  to  13,500  tons  of  macadam. 

The  cost  of  production  during  the  winter  months  will  be  increased  con- 
siderably, and  in  many  instances  may  exceed  the  cost  of  breaking  the 
material  by  hand  during  the  summer  months. 

This  does  not  apply,  however,  when  fixed  machinery  is  employed,  where 
the  work  is  carried  on  during  the  whole  of  the  year,  although  the  cost 
is  sometimes  increased  by  working  on  a  short  day,  or  even  on  full  time 
at  that  period  of  the  year  when  using  the  electric  or  other  light.  Under 
these  circumstances  it  is  usual  to  erect  a  covering  over  all  the  stone-breaking 
plant  in  order  to  afford  shelter  for  the  men  engaged,  and  so  admit  of  the 
work  proceeding  without  interruption.  This  also  protects  the  machinery 
during  unfavourable  weather. 

281.  Amount  of  work  performed  by  working  parts,  and  Cost  of 
Renewals. — The  wearing  parts,  namely,  the  jaws,  wedges,  toggles,  and 
toggle  bearings,  lower  and  top  revolving  screens,  elevator  belt  and  buckets, 
etc.,  are  easily  renewed ;  their  life  of  usefulness  will  depend  on  the  amount 
of  work  performed,  the  nature  of  the  rock  broken,  and  on  the  care  with 
which  the  different  parts  of  the  machine  are  attended  to. 

Taking  an  average  over  many  years,  the  more  important  parts  mentioned 
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will,  depending  on  the  quality  of  the  material  used  in  their  manufacture, 
perform  approximately  the  following  work  before  the  necessity  arises  for 
renewing  them. 

Table  XXVII. 


Upper  jaws  (reyersible),   . 
Lower  jaws  (reversible),    . 
Top  screen,  plates  i  in.  thick, . 
Lower  screen,  .... 
Elevator  belt,  5-ply,  plates,  etc., 
Buckets,  set  of  25,  . 
Toggles  and  bearings,  side  wedges, 
etc.,  1  set,    .... 


Tons.  Cost.  Cost  per  ton. 

8,000  44  0*066 

4,000  44  0*132 

24,000  120  0*060 

48,000  90  0-022 

82,000  240  0  090 

8,000  40  0-060 

8,000  55  0*082 


0-512 


282.  The  top  revolving  screen  of  the  stone-breaker  is  usually  constructed 
so  as  to  produce  two  different  sizes  of  macadam,  and  a  division  in  the 
delivery-shoot  provided  for  this  purpose  enables  each  class  to  be  removed 
at  will. 

By  this  arrangement  the  smaller-sized  macadam  can  be  used  for  patching 
or  for  coating  the  hilly  parts  of  the  highways,  but  it  is  seldom  the  case 
that  both  sizes  of  macadam  can  be  utilized  and  consolidated  separately  on 
the  same  road. 

It  therefore  becomes  necessary  to  store  one  or  other  class  of  macadam, 
whicli,  on  economical  grounds,  should  be  avoided  as  much  as  possible. 
This  will  be  apparent  when  it  is  considered  that  to  store  and  refill  road 
metal  an  expenditure  of  from  Sd.  to  5d.  per  ton  is  incurred. 

It  is  more  usual,  however,  to  have  different  sets  of  top  revolving  screens 
having  perforations  of  a  size  suittible  for  the  work  on  hand,  so  that  the 
total  amount  of  macadam  broken  may  be  removed  direct  to  the  roads  under 
repair.  For  this  purpose  a  top  screen  having  holes  2^  inches  in  diameter 
will  suit  the  requirements  in  most  instances. 

The  stone-breaking  machine  (Baxter's  16  inches  by  9  inches)  which  has 
been  described  fully  in  the  foregoing  pages  is  the  only  practical  machine, 
80  far  as  the  author  is  aware,  combining  the  simplest  form  of  construc- 
tion for  the  efficient  operations  of  breaking,  screening,  and  loading.  The 
detailed  amount  of  work  which  can  be  accomplished  by  its  use,  and  the 
working  expenses  involved  in  the  production  of  macadam,  are  such  as  will 
compare  favourably  with  any  other  make  of  machine  for  similar  purposes, 
while  the  motive  power  necessary  to  work  it  is  considerably  less  than  in 
the  case  of  most  of  the  other  stone-breakers. 

288.  Marsden  of  Leeds  and  Mason  of  Leicester  make  a  form  of  &ete^YvYi\% 
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and  loading  machine,  which  is  so  arranged  that  all  the  material  hroken  is 
elevated  overhead  to  the  top  revolving  screen,  where  the  dust,  chips,  and 
macadam  are  separated.  In  working  a  hreaking  machine  with  this  arrange- 
ment it  is  obvious  that  the  dust  treated  at  such  a  height  will  be  blown  in 
every  direction  during  the  prevalence  of  wind,  causing  great  inconvenience 
to  the  men  engaged  in  working  the  machine.  The  increased  carrying  capa- 
city required  for  the  elevator  belt  will  necessarily  involve  a  greater  motive 
power  to  overcome  the  friction  caused  by  this  additional  weight  of  material 
being  raised. 

284.  The  Hadfields'  Steel  Foundry  Company,  Sheffield,  have  recently 
introduced  a  rock  and  ore  crusher  known  as  the  *  Heclon.'  This  type  of  crushei 
is  similar  in  principle  and  appearance  to  the  Gyratory  Rock  and  Ore  Crushei 
described  in  par.  235  and  shown  in  fig.  113.  Many  improvements  have, 
however,  been  introduced  in  order  to  minimize  the  excessive  wear  and  the 
number  of  breakages  incidental  to  this  description  of  machine.  This  firm 
also  make  the  general  type  of  stone-breaker  described  by  some  as  jaw 
crushers.  Manganese-steel  enters  largely  into  the  castings  of  these  machines, 
where  such  material  can  be  beneficially  utilized. 

285.  A  great  variety  of  the  jaw  type  of  stone-breaking  machines  are  in 
use  in  the  United  States  and  other  countries,  all  more  or  less  constructed 
on  the  same  principle  as  the  original  Blake.  One  form  of  stone-breaker 
dififering  widely  in  the  principle  of  construction  and  working  from  the  type 
of  machines  known  in  this  country  has^  it  is  stated,  been  performing  record 
work  in  America. 

Gates'  *  Stone  Crusher.' — This  machine  is  known  by  the  name  of  the 

*  Gyratory  Rock  and  Ore  Crusher,'  and  is  manufactured  by  the  Gates  Iron 
Works  of  Chicago.     As  the  name  implies,  the  mechanism  is  such  that  the 

*  crushing  cone,'  fitted  on  to  a  vertical  or  main  shaft  with  a  certain  amount 
of  eccentricity,  impinges  during  its  gyration  against  the  material  to  be 
broken,  and  also  approaches  to  and  recedes  from  the  sides  of  the  enclosed 
cylindrical  shell.  The  necessary  power  for  operating  the  crusher  is  trans- 
mitted by  bevel  gearing  and  pinion,  and  is  driven  direct  by  a  belt  and  pulley 
fixed  on  the  counter-shaft. 

It  works  without  the  intervention  of  fly-wheels,  such  as  exist  in  the 
other  types  of  stone  breaking  machines,  and  it  is  claimed  that  under  working 
conditions  there  is  little  or  no  vibration. 

It  is  of  simple  construction,  and  has  few  working  parts.  The  strain  on 
the  gearing,  however,  when  running  at  a  high  speed,  must  necessarily  be 
very  great,  from  which  it  is  reasonable  to  suppose  that  great  wear  and  tear 
and  occasional  breaking  of  these  parts  will  take  place.  This  machine, 
although  specially  designated  a  *  crusher,'  would  appear,  from  the  construc- 
tion and  movement  of  the  working  parts,  to  create  a  sliding  motion  which 
would  naturally  subject  the  material  to  crushing.     This,  however,  does  not 
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occur  to  any  great  extent  in  actual  practice,  the  machine  turning  out  a  very 
fair  sample  of  macadam. 

A  vertical  section  of  the  gyratory  machine,  known  ae  the  '  D  type,' 
which  is  the  latest  fonn  of  crusher  made  by  this  firm,  is  shown  in  fig.  113 
fixed  on  a  timber  foundation. 

The  principal  parts  of  the  crusher  may  be  described  as  follows : — ^The 
shaft  A  is  held  rigidly  at  the  top  in  the  spider  J,  while  it  is  gyrated  by 
means  of  the  bevel  gearing-wbeel  D,  the  bevel  pinion  E,  the  counter-shaft 
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F,  and  the  pulley  0.  The  eccentric  B  admits  of  the  shaft  carrying  the 
crushing  head  or  truncated  cone  C  approaching  to  and  receding  from  the 
shell  H.  Inside  the  latter  the  concaves  I  are  fixed,  by  which  means  the 
cone  impinges  the  rock  against  the  concaves.  The  material  to  be  treated  is 
dumped  into  the  feeding  hopper  K,  and  after  being  broken  leaves  the 
machine  by  the  shoot  L,  to  be  elevated  to  the  sorting  sheds  or  screened 
under  the  foundation  on  which  the  machine  rests.  In  the  former  cose  the 
whole  of  the  broken  material,  of  varying  sizes,  is  distributed  by  conveyors 
into  separate  bins  for  immediate  removal,  or  stored  for  subsequent  use. 

The  foundation  for  this  type  of  crusher  may  be  of  timber,  mason  work, 
or  eonciete,  to  which  the  bottom  plate  M  is  fixed.     This  class  of  crusher  is 
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made  in  different  sizes,  and  is  calculated  to  break  from  2  tons  per  hour 
with  a  No.  0  machine,  requiring  4  h.-p.  (indicated)  to  drive  it,  up  to  No.  8, 
which  is  intended  to  break,  according  to  the  nature  of  the  rock,  from  100 
to  150  tons  per  hour,  requiring  an  engine  with  an  indicated  h.-p.  of  from 
100  to  150  to  drive  it,  including  the  screening  and  elevating  arrangements. 
The  price  of  the  No.  0  machine  is  £75,  and  that  of  the  No.  8  £1400, 
which  figures  do  not  include  the  cost  of  the  necessary  foundations.  This  type 
of  stone-crusher  has  not,  unlike  most  other  American  inventions,  been  exten- 
sively used  in  this  country  yet.  The  only  recorded  trial  of  their  working,  of 
which  the  author  is  aware,  was  that  in  open  competition  with  a  Baxter's 
stone-breaking  machine  at  the  Bath  and  West  of  England  Show  held  at 
Bristol  in  June  1886.  The  stated  capacity  of  the  gyratory  crusher  (No.  5 
machine)  was  40  tons  per  hour,  and  it  was  driven  by  a  10  h.-p.  engine,  but  the 
actual  quantity  of  macadam  produced  was  only  at  the  rate  of  about  8  tons 
per  hour.  The  other  stone-breaker,  Baxter's  1 6  inches  by  9  inches,  guaranteed 
to  break  8  tons  per  hour,  actually  broke  at  the  rate  of  12  tons  per  hour, 
and  was  driven  by  a  6  h.-p.  engine.  An  extensive  plant  of  the  gyratory 
type  has  been  recently  laid  down  at  the  granite  quarries  near  Dalbeattie, 
Kirkcudbright,  and  has  also  been  introduced  at  Hartshill  quarries,  Leicester- 
shire, and  at  Alderney,  in  the  Channel  Islands.  It  will  be  interesting  as  well 
as  instructive  to  follow  the  actual  performance  of  these  machines  on  a  class 
of  rock  similar  to  what  the  type  of  stone-breaking  machines  used  in  this 
country  are  accustomed  to  break  into  macadam,  of  which  the  quantity  broken 
in  a  stated  time  and  cost  of  production  are  known. 

Haulage. 

236.  The  hauling  or  conveying  of  macadam  from  the  breaking  machine 
or  quarry  to  the  section  of  road  under  repair  may  be  performed  either  by 
means  of  team  labour  or  by  traction-engines  and  wagons.  Team  work  may 
be  paid  for  at  so  much  per  day  for  each  horse  and  cart,  but  is  generally 
contracted  for  at  a  price  per  ton-mile,  or,  in  other  words,  by  results.  The 
former  method  may  answer  to  a  limited  extent  under  certain  circumstances, 
but  is  not  economical. 

237.  Cost  of  Haulage.  — The  cost  of  haulage  is  arrived  at  by  taking  the 
total  quantity  of  macadam  carted  direct  from  the  stone-breaking  machine  to 
the  road,  where  rolling  operations  are  being  carried  on,  or  in  the  case  where 
the  surface  repairs  are  executed  on  the  patching  system,  to  the  road-side 
depots,  and  the  price  per  ton  at  the  average  distance.  The  average  cost  is 
determined  by  the  price  per  ton-mile,  and  the  distance  from  the  quarry  to 
a  point  midway  between  the  nearest  and  the  furthest  points  of  the  road 
upon  which  the  macadam  is  applied.  This  work  is  best  performed  by  con- 
tract, the  conditions  generally  being  that  tip-carts  only  are  to  be  employed. 
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and  that  the  quantity  of  material  which  must  he  transported  each  working 
day  is  stipulated,  according  to  the  hreaking  capacity  of  the  machine  employed. 

288.  Number  of  Hones  and  Carts  required. — The  varying  conditions 
of  the  work  necessitate  the  employment  of  a  greater  or  less  numher  of  carts 
during  the  progpress  of  the  rolling  operations,  depending  on  whether  the 
distance  is  considerahle  or  otherwise  to  which  the  macadam  is  to  be  con- 
veyed. The  number  of  horses  and  carts  engaged  will  also  depend  to  a 
certain  extent  on  the  nature  of  the  service  roads  over  which  the  material  is 
to  be  conveyed.  When  a  quantity  equal  to  23  or  24  cwt4i.  of  macadam  is 
removed  by  one  horse  each  trip,  allowing  from  eight  to  ten  minutes  for 
loading,  the  average  number  may  be  taken  at  six  carts  for  every  mile  of 
travel  from  the  quarry  or  dep6t  to  the  point  where  the  macadam  is  to  be 
deposited.  For  instance,  if  the  metal  is  to  be  applied  at  a  distance  of  1^ 
miles  from  where  the  breaking  operations  are  being  carried  on,  nine  carts 
will  be  necessary ;  should  the  distance  be  two  miles,  then  the  number  of  carts 
required  will  be  twelve,  provided,  as  already  mentioned,  that  the  weight  of 
macadam  carried  by  each  cart  is  as  stated. 

289.  The  Cost  of  Team  Haulage. — ^The  price  per  ton-mile  for  team 
haulage  will  vary  according  to  the  condition  of  the  roads  leading  to  and 
from  the  quarry,  and  whether  they  are  hilly  or  otherwise  of  difficult  access. 
The  cost  is  also  affected  by  the  relative  distances  to  which  the  material  is 
carted ;  that  is,  the  price  for  a  distance  of,  say,  one  mile  and  upwards  is  less 
per  ton  than  when  the  distance  is  under  that  mileage.  This  is  brought 
about  by  the  fact  that  in  long  journeys  the  horse  is  earning  money  with 
little  lost  time  standing  at  the  stone-breaker  while  the  cart  is  being  loaded 
as  compared  with  a  short  distance  from  the  quarry,  as  the  time  thus  lost 
during  a  day's  work  will  be  greater,  because  in  the  latter  case  the  horse 
returns  more  frequently  to  the  quarry,  and  in  consequence,  by  repeatedly 
losing  time,  less  effective  work  is  performed. 

The  cost  of  this  work  on  the  highways  of  which  the  author  has  charge, 
and  embracing  the  experience  of  a  number  of  years,  shows  that  it  may  be 
taken  at  the  following  figures  per  ton-mile,  viz. : — 

Tablb  XXVIII. 

Pence. 
On  good  aervice  and  main  roada,       *.....        8^ 

On  do.      do.     bat  slightly  nndnlating, 9| 

On  hilly  roads  with  a  good  saiface, 10^ 

The  first  of  these  prices  may  be  further  taken  as  representing  the  work 
done  by  a  single  horse  taking  a  gross  load  of  from  32  to  34  cwts.  The  figure 
9|d.  is  applicable  when  the  nature  of  the  road  necessitates  the  gross 
load  being  reduced  in  weighty  and  consequently  the  employment  of  more 
carts,  or  when  it  is  necessary  to  provide  occasional  assistance  in  ascending  a 
steep  gradient    The  figure  lOJd.  generally  provides  for  assistance  at  one  or 
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more  points,  when  the  hilly  nature  of  the  roada  would  neceasilate  tha  averags 
gross  load  per  journey  being  considerably  reduced  in  weight  if  such  sssiatance 
were  not  provided  at  the  points  referred  to.  These  pricea  are  a  fair  average 
for  team  labour  in  country  districts  when  constantly  employed  over  consider- 
able periods  of  time.  In  the  case  of  such  operations  being  carried  on  in  the 
vicinity  of  large  towns  the  coet  of  haulage  will  be  higher  to  the  extent  of  from 
Id.  to  1  jd.  per  ton-mile  on  the  different  figures  given  in  Table  XXVIII. 

240.  One  advantage  resulting  from  this  method  of  conveying  the 
material  compared  with  that  of  steam  traction,  although  the  actual  coat  of 
haulage  by  team  work  taken  by  itself  is  much  greater  under  most  circum- 
stances, is  the  convenient  manner  in  which  the  macadam  can  be  deposited 
on  the  road,  which  greatly  facilitates  the  spreading  of  it  At  the  same  time 
a  mora  direct  means  of  r^ulating  the  amount  of  haulage  necessary  can  be 
accompli  ah  ed  as  the  work  of  renewal  gradually  approaches  nearer  to  the 
point  of  supply  by  simply  reducing  the  number  of  horses  and  carta.  One 
great  disadvantage  with  team  labour  is  that  all  horses  do  not  travel  at  the 
same  pace ;  hence  in  many  instances,  especially  in  long  distances,  the 
slowest  horses  practically  govern  the  amount  of  work  done.  This  means 
less  material  removed,  and  consequent  storing  of  the  metal  takes  place,  or 
the  number  of  horses  necessary  must  be  augmented,  increasing  the  cost. 

241.  Beccnrding  Weight  of  Macadam  broken,  for  flziiig  Oost  of 
Haulage. — The  loaded  carts,  as  already  stated,  pass  over  a  steelyard,  and  * 
record  of  the  weight  is  kept  in  a  book  for  the  purpose.  The  form  and 
manner  in  which  the  weights  are  arranged  are  shown  below,  and  a  day's 
work  is  given  as  an  example. 
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It  will  be  observed  that  the  first  four  carts  performed  six  trips,  while 
the  others  accomplished  only  five,  the  latter  of  course  taking  the  first  turns 
the  following  morning,  and  so  on,  equalizing  as  much  as  possible  the  amount 
of  work  performed  by  each  horse. 

It  will  also  be  noticed  that  each  horse  hauled  on  an  average  24^  cwts.  of 
road  metal,  or  a  gross  weight  of  fully  34  cwts.,  each  trip,  from  the  stone- 
breaker  to  the  road  under  repair.  The  empty  carts  are  repeatedly  passed 
over  the  steelyard  to  verify  their  weight,  this  being  done  each  day  during 
inclement  weather. 

242.  Steam  Haulage. — Steam  haulage  by  engines  and  wagons  presents 
one  important  advantage,  under  certain  circumstances,  as  a  means  of  con- 
veying the  road  metal  direct  from  the  stone-breaker  to  the  point  where  it  is 
to  be  applied ;  that  superiority  being  economy.  It  is  imperative,  however, 
that  a  suitable  access  be  made  to  the  quarries  for  this  method  of  transporting 
the  macadam,  that  the  service  roads  be  of  sufficient  width  and  strength  to 
carry  such  heavy  weights,  and  that  the  work  should  be  effected  during  dry 
weather,  otherwise  considerable  damage  to  the  roads  may  be  the  result.  In 
extremely  dry  weather  the  crushing  caused  by  the  cross-bars  on  the  driving 
wheels  of  traction  engines  also  at  times  iigures  the  surface  of  the  roads,  and 
this  injury  the  author  believes  would  be  avoided  by  using  Boulton's  patent 
wheels  or  some  other  similar  arrangement.  The  damage  done  generally  to 
the  roads  by  this  system  of  hauling  the  material  detracts  to  a  certain  extent 
from  its  usefulness  as  a  means  of  rapidly  and  economically  transporting 
macadam  for  road  purposes. 

The  area  of  the  quarry  floor  must  be  sufficiently  large  to  admit  of  the 
engines  working  freely  in  removing  and  placing  the  wagons  speedily  in  position 
so  as  to  permit  of  as  much  time  as  possible  being  devoted  to  actual  travelling. 

For  a  distance  from  the  quarry  up  to  one  mile  where  the  metalling  is  to 
be  deposited,  one  engine  and  three  wagons  are  necessary  to  carry  on  the  work 
uninterruptedly,  one  of  these  wagons  being  held  in  reserve  in  case  of  an 
emergency. 

This  may  be  considered  the  greatest  distance  which  one  engine  can  travel 
and  return  to  the  quarry  in  one  hour,  having  regard  to  the  time  occupied  in 
removing  the  loaded  wagon  and  placing  the  empty  one  at  the  delivery-shoot 
of  the  breaker,  and  the  time  consumed  while  discharging  the  metalling  on 
the  road  under  repair. 

Traction  wagons  having  a  capacity  of  fully  7  cubic  yards  or  8  tons  would 
therefore  be  necessary  with  the  stone-breaker  described,  as  this  is  under 
ordinary  circumstances  the  quantity  of  2^inch  road  metal  which  it  can 
break  in  an  hour. 

248.  Coat  of  Steam  Haulage. — ^The  cost  of  steam  haulage  by  wagons  to 
a  distance  of  one  mile  from  the  quarry  is  made  up  of  the  following  items,  all 
the  plant  being  hired : — 
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Table  XXX. 

Cost  of  one  day's  work. 

Hire  of  engine,  two  men,  and  three  wagons, £18  6 

Coals  (steam  navigation),  7  cwts.,  128.  per  ton, 0    4  2 

Supply  of  water  for  engine ;  allow  proportion  as  only  being  required  in 

certain  circumstances,  one-fourth  of  a  day's  hire  of  above,                 .  0    2  0 

Man  in  attendance  while  travelling,  1  man,  88.  4d., 0    8  4 

Allow  for  trimming  the  metal  in  the  wagon  during  time  it  is  being  loaded, 

2  men,  8s.  6d., 070 

Total  cost, £2    0    0 

The  cost  of  haulage  up  to  one  mile,  taking  66  tons  as  the  daily  output, 
would  therefore  be  7*27d.  per  ton. 

When  the  distance  slightly  exceeds  one  mile  it  becomes  necessary,  so  as 
to  avoid  storing  the  macadam,  to  employ  an  additional  engine  and  set  of 
wagons  to  carry  on  the  work  efficiently.  This  at  once  augments  the  cost  of 
haulage  by  fully  7d.,  or  an  inclusive  price  of  14-54d.  per  ton,  immediately 
after  passing  the  one-mile  limit,  to  be  again  reduced  to  7*27d.  per  ton-mile 
when  the  distance  of  two  miles  from  the  quarry  is  reached. 

It  will  thus  be  evident  that  when  the  point  to  which  the  macadam  is 
conveyed  is  either  one  mile  or  two  miles  from  the  quarry,  the  cost  of  hauling 
is  at  the  rate  of  nearly  7'27d.  per  ton-mile,  while  each  ton  tipped  on  the 
road  between  the  first  and  second  mile  will  cost  14^d.,  and  between  the 
second  and  the  third  mile  it  will  be  nearly  Is.  lOd.  per  ton.  The  variation 
in  the  price  will  be  better  understood  when  it  is  considered  that  up  to  one 
mile,  which  is  in  most  cases  practically  the  nearest  distance  from  the  quarry 
where  the  road  metal  can  be  applied,  a  single  engine  and  set  of  wagons  are 
fully  occupied,  while  immediately  after  passing  this  point  the  two  engines 
necessary  are  comparatively  idle  for  a  considerable  part  of  the  time.  As 
the  two-mile  limit  is  approached,  however,  the  cost  per  ton  becomes  less, 
as  there  the  plant  is  being  more  fully  employed  again. 

The  cost  of  hauling  direct  from  the  breaking  machine  by  an  engine  and 
wagons  belonging  to  a  County  Council  or  Local  Authority  can  be  performed 
for  about  IJd.  less  per  ton  at  the  one-mile  limit,  but  to  purchase  extra 
engines  and  wagons  for  this  purpose  would  not  be  economical,  as,  under 
ordinary  circumstances,  the  time  during  which  they  would  be  occupied  might 
only  extend  to  seven  or  eight  months  each  season.  During  the  remaining 
months  of  the  year  there  would  be  practically  no  work  for  this  large  plant, 
consequently  no  profitable  results  would  accrue  from  the  capital  expenditure 
involved.  Haulage  by  traction  engines  and  wagons,  therefore,  can  only  be 
carried  out  properly  and  economically  by  those  possessing  the  requisite  plant. 

244.  The  above  arrangement  is  at  times  expedient,  but  it  is  more 
satisfactory  to  have  the  haulage  carried  out  by  contract.     Of  late  years  the 
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author  has  had  practically  all  the  road  metal  conveyed  by  traction  engines 
and  wagons  with  beneficial  results,  apart  from  economy  in  hauling,  compared 
with  team  labour.  The  time  of  the  year  when  those  engines  would  be  idle, 
being  partly  an  agricultural  district,  suits  the  work  of  stone-breaking,  and 
consequently  the  cost  of  hauling  is  less  than  it  would  be  at  other  times  of 
the  year,  and  also  probably  in  busy  centres  where  such  plant  may  be  employed 
during  the  greater  part  of  each  year. 

llie  average  cost  is,  and  has  been  for  some  considerable  time  past,  4J^d. 
per  ton-mile,  the  contractor  supplying  the  requisite  number  of  engines  and 
wagons  for  the  work.  Goals  are  supplied  to  the  contractor,  and  the  cost  of 
this  item  is  about  ^,  so  that  the  price  may  be  stated  at  5d.  per  ton-mile. 

In  loading  wagons  at  a  stone-breaker  where  the  machine  is  kept  at  as 
low  a  level  as  possible,  to  ease  the  gradients  of  the  'barrow  runs'  and 
just  sufficient  to  clear  the  wings  of  the  wagons,  it  requires  two  men  to  trim 
the  metal  during  loading  operations.  Although  this  work  is  performed  in  the 
quarry  by  men  attached  to  the  breaking  machine,  the  cost  will,  for  com- 
parison, be  debited  against  hauling.  This  makes  an  addition  to  the  former 
figure  to  the  extent  of  1^.  per  ton,  which  must  be  included  in  the  average 
cost  of  haulage  for  each  day's  work,  when  the  quantity  of  road  metal 
removed  is  a«  stated.  The  wear  and  tear  of  the  roads  traversed  by  these 
engines  and  wagons  may,  during  wet  weather,  be  considerable,  but  under 
normal  conditions  it  may  not  be  greater  than  by  team  haulage,  especially 
when  the  engines  and  wagons  are  mounted  on  springs  and  travel  at  a 
moderate  speed. 

Contractors  for  hauling  road-stone  generally  stipulate  that  for  distances 
under  one  mile  day's  wages  be  paid,  which  amounts  generally  to  about 
£2,  5s.  A  contractor  can  by  an  agreement  with  his  men  arrange  that  the 
first  *  race '  may  be  accomplished,  if  necessary,  earlier  than  the  usual  time 
when  the  wagons  are  filled  the  previous  evening,  and  otherwise  arrange 
matters  of  mutual  benefit  to  himself  and  the  contracting  parties. 

The  economical  expedient  of  employing  engines  and  wagons  in  hauling 
road  metal  is  evidenced  by  the  regular  and  methodical  manner  in  which  the 
material  is,  when  the  work  is  properly  arranged,  removed  direct  from  the 
stone-breaker,  thus  saving  the  unnecessary  expense  of  storing,  inseparable, 
in  most  instances,  from  that  of  team  labour.  In  one  instance,  with  engine 
haulage,  it  may  be  mentioned  that  during  ten  weeks,  breaking  an  average 
of  80  tons  each  day,  there  was  not  one  ton  of  road-stone  stored,  and  the 
stone-breaker  was  thus  kept  in  constant  working  and  therefore  producing 
the  material  at  a  minimum  cost.  Not  only  is  the  cost  of  production  less  in 
the  quarry,  but  a  regular  and  ample  supply  of  macadam  is  maintained  to 
keep  the  road-roller  in  constant  work. 

Storing  the  macadam  when  no  real  necessity  exists  for  such  a  procedure, 
or  owing  to  any  of  the  foregoing  causes,  ought  to  be  guarded  against,  as  the 
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additional  cost  entailed  becomes  a  serious  matter  when  large  qnantitiee  have 
to  be  dealt  with.  The  interruptions  necessitating  storing  may  be  only 
temporary,  but  in  any  case  the  wheeling  or  carting  of  the  metalling  to 
some  convenient  point  where  it  can  be  easily  filled  into  carts  or  wagons  at 
some  future  time  cannot  be  accomplished  for  less  than  IJd.  per  ton.  The 
loading  of  this  stored  material  into  carts  or  wagons  under  favourable  circum- 
stances will  cost  at  least  an  additional  l^d.  per  ton.  When  the  position 
and  level  of  the  heap  of  macadam  in  relation  to  the  position  of  the  carts 
or  wagons  are  such  that  wheelbarrows  have  to  be  employed  to  accomplish 
the  work,  the  cost  of  refilling  may  amount  to  from  2jd.  to  3Jd.  per  ton. 
Thus  the  inclusive  cost  of  storing  and  refilling  will  vary  from  3d.  to  5d. 
per  ton,  an  expenditure  sufficiently  great  to  make  the  conditions  imperative 
that  storing  the  road  metal  should  not  be  permissible,  unless  it  is  done  as  a 
matter  of  convenience. 

If  this  extra  expenditure  be  included  in  the  cost  for  hauling  the 
metalling,  the  figures  will  be  increased  accordingly  by  the  actual  amount 
incurred  for  this  work,  and  this  expenditure  is  often  found  to  have  been 
quite  unnecessary. 

245.  From  the  foregoing  it  is  evident  that  it  is  infinitely  greater 
economy  to  contract  for  this  work,  and  to  remove  the  macadam  as  it  is 
discharged  from  the  breaking  machine  direct  to  the  roads.  Should  a  plant 
of  this  description  not  be  available,  the  haulage  should  be  performed  by 
team  work ;  this  also  applies  in  the  case  where  such  a  plant  can  be 
obtained,  but  where  the  conditions  are  such  that  economy  is  not  promoted 
by  utilizing  steam  traction  as  a  means  for  hauling  road  material. 

In  counties  having  an  available  supply  of  suitable  material  for  macadam- 
izing purposes  within  reasonable  distance  of  any  of  the  roads  in  the  district, 
the  methods  of  handling  the  macadam  just  described  should  be  adopted.  In 
the  case,  however,  of  a  locality  not  possessing  the  necessary  material  in  the 
immediate  vicinity,  it  may  have  to  be  conveyed  distances  varying  from 
5  or  6  miles  up  to  20  and  even  50  miles.  In  the  latter  instances  the 
road  metal  is  most  conveniently  and  economically  conveyed  by  rail.  In  the 
former  case,  to  keep  a  road-roller  working  continuously  at  such  a  distance 
from  the  source  of  supply  would  be  a  serious  matter.  In  the  first  place  the 
material  has  to  be  removed  from  the  stone-breaker  to  avoid  storing,  and  in 
the  second  place  the  roller  must  be  fully  employed  in  consolidating  the 
macadam,  while  the  two  operations  involve  the  employment  of  such  a 
number  of  engines  and  wagons  as  may  not  be  available  in  the  district. 

For  similar  reasons  the  employment  of  team  work,  considering  the  large 
number  of  carts  which  it  would  be  necessary  to  employ  in  order  to  avoid 
stoppages  or  otherwise  hamper  the  operations  at  either  point,  would  be 
difficult  to  obtain  in  most  districts  at  a  reasonable  cost.  It  would  then 
be  necessary  to  adopt  a  system  of  storing  the  material  and  removing  it  by 
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degrees  when  a  suitable  opportunity  presents  itself.  Although  it  is  not 
an  economical  proceeding,  as  has  been  shown,  still  it  is  the  only  practical 
method  possible  of  accomplishing  the  end  in  view,  under  such  circumstances, 
having  regard  to  what,  under  these  conditions,  may  be  the  more  economical 
method  of  the  two  to  adopt  in  transporting  the  road-stones. 

246.  Wagons  with  Folding  Doors  and  Hoppers. — In  steam  haulage 
the  wagons  are  made  with  folding  sides  to  admit  of  the  road-stones  being 
deposited  into  depdts;  but,  as  is  usually  the  case,  the  macadam  is  dis- 
charged direct  on  the  road.  The  wagons  may  be  provided  with  hoppers 
which  admit  of  the  rood  metal  being  deposited  in  a  fairly  regular  manner 
on  the  centre  or  sides  of  the  road. 

To  effectively  carry  out  this  the  bottom  of  the  wagons  requires  to  be 
bevelled  so  as  to  admit  of  the  stones  being  discharged  by  gravity.  This 
arrangement,  however,  reduces  the  carrying  capacity  of  the  wagons,  and  any 
saving  in  this  direction  is  compensated  by  a  full  load,  even  although  it  will 
cost  more  to  unload  and  spread  the  material. 

The  class  of  plant  which  should  find  employment  in  this  branch  of  road 
work  is  the  heavy  motor  vehicles  recently  put  upon  the  market.  Those 
having  an  end  or  side  tipping  arrangement  facilitate  the  unloading  of  the 
material  and  of  roughly  spreading  it  by  controlling  the  swing-doors  while 
the  vehicle  is  travelling.  These  heavy  motor  cars,  although  permitted  to 
travel  faster  on  the  highways  than  ordinary  traction  or  road  engines,  are 
provided  with  suitable  springs,  and  the  axle-weights  are  regulated  according 
to  the  diameter  of  the  wheel  and  width  of  tyre.  These  vehicles,  being  of 
a  suitable  size,  are  easily  and  quickly  manipulated,  and  therefore  occupy 
comparatively  little  time  in  unloading.  It  is  not  anticipated  that  these 
heavy  motor  cars  will  cause  so  much  damage  as  heavy  road  engines  for  a 
given  quantity  of  material,  although  the  former  will  have  to  make  up  in 
capacity  by  performing  a  greater  number  of  journeys. 

The  cost  of  haulage  by  heavy  motor  cars  has  not  been  determined 
with  any  precision,  as  figures  pertaining  to  an  extended  experience  are  not 
yet  available.  The  expenses  are  variously  stated,  but  on  an  average, 
taking  loads  one  way  only  as  in  the  case  under  review,  the  cost  works  out 
at  2^  per  ton-mile;  this  allows  for  ample  repairs  and  10  per  cent,  depre- 
ciation on  an  assumed  life  of  the  vehicle  of  ten  years.  Considering  the 
number  of  stoppages  each  day  for  loading  and  unloading  purposes,  the  price 
may  be  stated  at  3^d.,  and  adding  1^.  for  trimming  the  material  in  the 
wagons,  makes  an  inclusive  price  of  4|d.  per  ton-mile. 

Tliese  heavy  motor  cars  will  undoubtedly  prove  of  considerable  service 
in  connection  with  conveying  road  metal  to  the  highways  by  contract  at  a 
minimum  cost.  It  is  apparent,  however,  that,  owing  to  their  light  con- 
struction, in  order  to  comply  with  the  '  Regulations,'  the  life  of  these  vehicles 
will  be  a  short  one,  more  especially  if  rough  quarry  roads  are  encountered. 
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The  repairs,  cousidering.  the  amouut  of  vibratiou  inseparable  from  travel- 
ling at  considerable  speed  on  roads  or  streets  the  surface  of  which  is 
irregular,  cannot  fail  to  be  heavy.  Notwithstanding  these  drawbacks, 
this  method  of  transport  has  many  points  to  recommend  its  adoption, 
especially  in  hauling  material  from  a  railway  dep6t  over  roads  even  in 
average  condition. 

Tipping  wagons  assist  to  a  limited  extent  the  spreading  of  the  metal,  but 
in  every  instance  it  is  necessary,  in  order  to  properly  mix  the  stones,  that 
the  macadam  should  be  turned  over  by  means  of  shovels  before  the  rolling 
operations  are  commenced. 

247.  System  adopted  in  the  United  States. — In  the  United  States 
of  America  the  work  of  transporting  and  spreading  road  metal  is  per- 
formed by  horse  wagons  provided  with  a  screw  arrangement  on  the  front 
of  the  vehicle,  which,  on  being  raised,  causes  the  material  to  fall  towards  the 
back  of  the  wagon,  where  it  is  discharged  and  distributed  in  such  quantities 
as  may  be  required.  At  the  bottom  of  this  distributor  an  adjustable  iron 
plate,  secured  horizontally,  regulates  the  thickness  of  the  coating  by  being 
fixed  at  the  height  required  above  the  upper  surface  of  the  material  forming 
the  bottom  of  a  new  road  or  the  surface  of  an  existing  one. 

This  arrangement,  the  important  feature  of  which  is  economy  in  hand- 
ling the  metalling,  would  be  extremely  serviceable  provided  the  macadam 
composing  the  coating  is  of  an  equal  and  uniform  size,  but  otherwise,  and 
so  long  as  stones  composing  the  metalling  vary  in  volume,  even  to  a  small 
extent,  the  work  of  spreading  it  can  only  be  satisfactorily  performed  by 
manual  labour. 
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248. — ^The  first  Important  step  taken  in  this  country  in  the  direction  of 
advocating  road-rolling  by  horse  power  as  a  measure  of  economy  was  set 
forth  in  a  paper  written  by  Sir  John  F.  Burgoyne,  R.E.y  when  acting  as 
Chairman  to  the  Board  of  Works  in  Ireland,  and  published  in  1843.  This 
means  of  consolidating  the  metalling  of  newly-made  roads  was  employed 
in  that  country  under  his  directions,  and  may  be  considered  the  first  attempt 
in  a  practical  way  of  forming  an  improved  road  surface — not  as  a  matter  of 
refinement,  but  as  a  necessity.  A  full  description  of  the  methods  followed  and 
cost  of  this  scientific  road-rolling,  which  is  the  more  valuable  now,  will  be 
found  in  the  treatise  on  Roads  and  StreetSj  by  Law  and  Clark.* 

Although  it  is  recorded  that  the  first  allusion  made  to  road-rolling 
in  England  was  by  one  named  Shotbolte  in  1619,  still  the  first  practical 
horse-roller  was  made  in  France  in  1787  by  M.  de  Cessart,  then  Inspecteur- 
GSnSral  des  Fonts  et  ChatissSes, 

It  consisted  of  a  cast-iron  roller,  8  feet  wide,  3  feet  in  diameter,  and 

weighing  7000  lbs.  (old  French  weight). 

After  repeated  trials,  the  experiments  appear  to  have  been  discontinued, 
probably  owing  to  the  disturbed  political  state  in  which  France  was  at  that 
time. 

In  the  year  1817,  Philip  Hutchison  Clay  patented  in  this  country  a 
horse-roller,  with  a  carriage  over  it,  which  could  be  loaded  with  weights 
varying  from  six  to  twenty  tons. 

Since  that  time  horse  road-rolling  has  been  practised  in  this  country, 
as  well  as  on  the  Continent  of  Europe,  to  within  comparatively  recent 

years. 

849.  An  interesting  history  of  this  subject,  including  steam  road-rolling, 
is  given  by  Mr.  F.  A.  Paget,  C.E.,  in  a  report  to  the  Metropolitan  Board  of 

*  Weale's  Series,  197,  Appendices,  pp.  818, 819. 
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Works,  1870,*  to  which  the  author  refers  his  readers  for  a  full  description 
of  the  early  attempts  in  the  direction  of  improving  the  highways. 

The  diflficulties  inseparable  from  a  system  of  rolling  roads  by  that 
means,  especially  when  a  great  many  horses  were  employed,  depending 
on  the  weight  of  the  roller,  the  difficulty  of  manipulation,  and  the 
displacing  action  of  the  horses'  feet,  defeated  the  object  desired.  It  is 
not  therefore  surprising  that  this  method  of  consolidating  the  metal 
was  not  practised  extensively,  as  the  results  obtained  did  not  justify  the 
expenditure  incurred. 

The  application  of  rollers  to  consolidate  a  coat  of  metalling,  like  most 
inventions  and  innovations,  has  been  brought  about  by  gradual  evolution. 
The  results  achieved  in  France  by  the  use  of  horse-rollers  proving  in  a 
measure  successful,  the  further  improvement  of  the  means  by  which  the 
freshly-laid  road  metal  could  be  effectively  consolidated,  led  those  interested 
in  the  repairs  of  the  public  highways  in  that  country  to  substitute  steam  for 
horse-power. 

250.  The  first  patent  for  a  steam-roller  was  taken  out  in  France  in  the 
beginning  of  1859,  by  M.  Louis  Lemoine  of  Bordeaux.  This  steam  it)ad- 
roller  weighed  ten  tons,  and  was  steered  by  means  of  gearing  and  a  pair  of 
guide-wheels.  Besides  being  used  on  the  roads  at  Bordeaux,  it  was  tried  in 
1860  on  the  roads  in  the  Bois  de  Boulogne,  Paris,  and  it  was  improved  in 
different  ways  subsequent  to  1859.  In  August  1860,  another  steam  road- 
roller  was  patented  in  France  by  Ballaison,  and  used  on  the  roads  there  by 
Messrs.  Gellerat  &  Co.  of  Paris.  In  1862,  experimental  trials  were  carried 
out  with  both  these  steam  rollers  by  the  French  engineers  of  state,  who, 
besides  expressing  a  strong  opinion  in  favour  of  steam-rolling  in  general, 
gave  preference  to  the  latter  machine. 

In  1865  Messrs.  Gellerat  &  Co.  of  Paris  designed  a  steam  road-roller; 
but  it  is  stated  that,  owing  to  the  small  diameter  and  wide  roller  wheels,  the 
contour  of  the  road  was  destroyed  and  the  metalling  left  in  ridges,  not 
smooth  as  it  should  have  been ;  while  the  cost  of  working  was  excessive,  the 
coal  consumption  alone  being  nearly  4  cwts.  per  hour. 

261.  In  1863,  Mr.  W.  Clark,  municipal  engineer,  Calcutta,  and 
Mr.  W.  F.  Batho,  Birmingham,  designed  and  patented  a  steam  roller ;  this 
was  the  first  attempt  made  to  construct  a  steam  road-roller  in  this  country. 
It  was  made  in  the  latter  city,  and  sent  to  Calcutta  in  1864. 

The  principal  feature  of  this  machine  was  the  use  of  three  sets  of  rollers, 
two  in  front  acting  as  drivers,  while  the  third  or  hind  wheel  was  set  in  a 
turn-table  arrangement,  being  adjusted  so  as  to  steer  the  engine  and  at  the 
same  time  to  overlap  the  space  between  the  outside  driving-wheels. 

*  Report  on  the  Economy  of  Road  Maintenance  and  Horse  Draft  through  Steam 
Road- rolling,  vrUh  Special  Reference  to  the  Metropolis,  by  Frederick  A.  Paget,  C.E., 
1 870. 


ROAD-ROLLING   AND   SCARIFYINO.  233 

Two  similar  road-rollers,  but  made  by  Messrs.  Moreland  &  Sons,  London, 
were  sent  out  to  Bombay  in  the  following  year. 

Many  other  attempts  were  made  about  this  time  to  obtain  a  reliable  and 
economical  working  rjad-roller,  and  even  traction-engines  were  requisitioned 
and  attached  to  cast-iron  rollers  for  this  purpose. 

252.  First  successful  Steajn  Boad-roUer  made  in  England. — The  first 
successful  steam  roller  made  and  set  to  work  in  Great  Britain  was  that  con- 
structed by  Messrs.  Aveling  &  Porter  of  Rochester,  after  trials  in  Hyde 
Park,  London,  in  1865,  with  an  ordinary  traction-engine  having  broad  rollers 
substituted  for  the  ordinary  road  wheels. 

The  steam  road-roller,  shown  in  fig.  115,  was  constructed  for  the  Cor- 
poration of  Liverpool  in  1867  ;  it  weighed  30  tons,  and  its  cost  was  stated 
to  be  £1000. 

Steam  road-rolling  had  by  this  time  achieved  some  success,  and  the 
pamphlet  on  the  subject  by  Mr.  Paget,  already  referred  to,  greatly  popularized 
this  means  of  repairing  roads,  many  of  the  London  vestries  making  trials 
with  very  encouraging  result& 

298.  First  Steajn  Boad-roUer  introduced  into  Scotland.— The  first 
road-roller  introduced  into  Scotland  was  that  purchased  from  Messrs.  Aveling 
&  Porter  by  the  Edinburgh  City  Road  Trust,  in  1870.  The  amount  and 
cost  of  the  work  accomplished  by  this  road-roller  was  the  subject  of  a  paper 
read  at  a  meeting  of  the  Engineering  Section  of  the  Royal  Scottish  Society 
of  Arts,  Edinburgh,  by  Mr.  D.  C.  Proudfoot,  city  road  surveyor,  in  1882. 

From  these  early  and  successful  attempts  to  construct  road-rollers  this 
firm  of  Rochester  engineers  commenced  to  make  and  perfect  the  construction 
of  them  ou  an  extensive  scale,  the  leading  feature  being  an  adaptation  of 
their  form  of  traction-engine  with  an  arrangement  of  rollers  and  turn-table,  as 
shown  at  fig.  116. 

The  form  and  construction  of  the  road-rollers  made  by  Aveling  &  Porter 
have  been  gradually  perfected  from  time  to  time  by  introducing  important 
improvements  and  utilizing  the  knowledge  gained  from  experience,  producing 
an  engine  which  can  be  easily  managed,  and  which  is  economical  in  working. 

254.  The  latest  design  of  this  firm's  15-ton  convertible  road-roller  is 
shown  in  fig.  114,  with  one  of  Morrison's  Scarifiers  attached. 

Since  1867  this  Rochester  firm  has  made  and  sold  over  3000  steam  road- 
roUeis,  varying  in  weight  from  10  tons  up  to  25  tons.  Most  of  these  are 
working  in  this  country ;  but  a  great  number  are  in  use  in  the  Colonies,  on 
the  Continent  of  Europe  and  in  America,  while  in  India  alone  there  are 
hundreds. 

The  other  principal  firms  manufacturing  road-rollers  in  this  country  are 
Messrs.  Fowler  &  Co.,  Messrs.  Green  &  Son,  and  Burrell ;  while  in  the  United 
States  the  most  noted  are  the  Springfield,  the  Pitts,  the  Harrisburg  and  the 
Columbian  rollers. 


234  ROAD  MAKING   AND  MAINTENANCE. 


BOAD-ROLUNO  AND  8CARIFTINQ. 


236  ROAD   MAKING  AND   MAINTENANCE. 

255.  Advantages  of  Steam  Boad-rolling. — The  advantages  of  road- 
rolling  may  be  summed  up  as  follows : — 

(1.)  The  roads  being  made  for  the  traffic,  a  saving  of  metalling  is  effected, 
as  the  stones  are  interlocked  by  the  process  of  consolidation  and  present  only 
one  surface  subject  to  wear,  compared  with  the  abrasion  inseparable  from 
the  system  of  patching  and  consolidating  by  wheel  traffic. 

(2.)  A  harder  and  more  regular  surface  is  obtained,  the  road  generally 
has  a  better  appearance,  ease  of  traction  is  promoted,  injury  and  suffering  to 
animals  are  avoided,  and  the  damage  to  the  wheels  of  vehicles  is  reduced, 
owing  to  the  absence  of  newly-laid  or  loose  metalling  lying  on  the  surface 
of  the  roads. 

(3.)  The  crust  of  the  road  contains  only  a  small  amount  of  binding  or 
soluble  matter,  consequently  there  is  a  material  reduction  of  the  quantity  of 
mud  in  wet  and  dust  in  dry  weather ;  and  the  surface  of  the  roads  does  not 
require  the  constant  attention  which  is  necessary  with  metalling  during  the 
long  process  of  consolidation  by  vehicular  traffic. 

(4.)  Scraping  and  cleaning  are  reduced  to  a  minimum  by  reason  of  the 
road  being  practically  impervious  to  the  effects  of  weather  and  traffic ;  the 
surface  wears  longer,  and  the  absence  of  loose  stones  in  dry  weather  secures 
greater  efficiency  and  diminished  cost  of  maintenance. 

Steam  road-rollers  are  now  almost  universally  adopted  on  account  of  the 
superiority  and  economy  of  the  work  done,  the  shorter  time  necessary  for 
repairs  or  construction,  and  also  the  indirect  saving  effected  owing  to  the 
reduced  wear  and  tear  of  horses  and  vehicles. 

256.  Different  Tjrpes  of  Boiler  made ;  Weight  and  Construction. — 
Steam  road-rollers  are  made  of  different  weights,  chiefly  10,  12,  and  15  tons, 
for  use  in  this  country,  while  a  few  rollers  of  20  and  25  tons  have  been 
constructed.  The  20-ton  roller  is  used  in  Paris,  while  the  25-ton  roller  is 
that  adopted  in  Madrid. 

The  12-ton  engine  rolls  a  width  of  6  feet  5  inches,  and  the  15-ton  roller 
7  feet  3  inches  wide,  and  these  are  the  class  generally  used  in  Great  Britain 
for  county  work.  10-ton  rollers  for  the  most  part  are  employed  in  the 
larger  towns,  owing  to  the  difficulty  experienced  in  connection  with  gas, 
water,  and  other  service  pipes. 

257.  A  short  description  of  Aveling  &  Porter's  15-ton  roller  may  be  here 
given.  The  boiler  is  of  the  ordinary  locomotive  type,  the  cylinder  being 
placed  on  the  top  and  at  the  forward  end  of  the  boiler,  and  surmounted  with 
a  steam  jacket.  The  steam  is  taken  direct  from  the  boiler,  and  admitted  to 
the  cylinder  without  the  intervention  of  steam  pipes,  thus  avoiding  loss  in 
the  effective  pressure  of  the  steam  through  being  condensed. 

They  are  made  either  with  a  single  cylinder  or  on  the  compound  prin- 
ciple, and,  when  necessary,  can  be  constructed  so  as  to  convert  the  roller  into 
a  road  engine  for  hauling  purposes,  by  substituting  traction  wheels  for  the 


ROAD-ROLLINO  AND   SCARIFYING.  237 

front  and  rear  rolls.  The  rear  driviug-wheels  are  6  feet  in  diameter  and 
18  inches  wide,  those  in  front  4  feet  in  diameter,  set  close  together,  and 
having  a  combined  width  of  4  feet  6  inches.  The  front  rolls  are  surmonnted 
by  a  swivelling  fork  having  a  vertical  spindle  working  in  the  fore-carriage 
biacket,  which  supports  the  front  end  of  boiler.  Provision  is  made  for  the 
spindle  having  sntiicient  play  to  admit  of  the  front  rolls  accommodating 
themselves  to  the  contour  of  the  road.  By  means  of  this  arrangement  on 
the  fore-carriage  in  conjunction  with  the  worm-wheel  and  side  chains,  the 
steering  of  the  engine  is  provided  for,  and  operated  from  the  footplate,  the 
working  of  the  engine  being  under  the  control  of  one  man.  The  distance 
between  the  centre  of  the  driving-wheels  and  the  front  roUs  in  the  15-ton 
convertible  engine  is  12  feet  6  inches,  and  the  weight  of  the  ordinary  roller 
in  working  order,  with  scarifier  attached,  is  16^  tons,  distributed  as  follows, 
namely — two-fifths  total  weight  on  front  rolls,  and  three-fifths  of  total  weight 
on  the  driving  or  hind  wheels,  or  fully  5  tons  on  each  wheel.  This  gives 
the  driving-wheels,  when  the  roller  is  working  on  a  level  stretch  of  road, 
a  compressive  force  of  4*88  cwts.  per  inch  of  width,  being  twice  that 
exerted  by  the  front  rolls.  When  rolling  on  a  gradient  these  latter  figures 
will  be  slightly  increased,  owing  to  the  effects  of  gravity  and  the  weight  of 
the  water  in  the  boiler  being  then  greater  at  the  rear  end  of  the  engine.  The 
brackets  for  carr3ring  the  gearing  are  formed  by  the  side  plates  of  the  fire-box 
baing  extended  upwards  and  backwards  in  one  piece,  thus  obviating  the 
usual  unsatisfactory  method,  common  to  many  road-engines  and  rollers,  of 
bolting  them  on  to  the  boiler,  which  causes  a  considerable  strain  and  injury, 
and  consequently  increases  the  cost  of  working  and  repairing.  The  wear  and 
tear  of  the  spur-wheels  and  pinions  are  reduced  to  a  minimum  by  being 
brought  close  together,  and  the  combination  produces  the  maximum  of 
strength  in  the  working  paits.  They  are  fitted  with  compensatory  motion 
or  differential  gear,  which  enables  them  to  be  steered  round  sharp  turns 
easily  without  slipping.  Two  speeds  are  provided,  which  can  be  thrown  into 
and  out  of  gear  by  a  single  operation  by  the  driver  from  the  foot-plate. 

As  previously  mentioned,  the  steam  road-roller  is  a  special  adaptation  of 
the  ordinary  road  locomotive  either  with  single  or  with  compound  cylinders. 
Those  constructed  on  the  latter  principle,  although  the  first  cost  is  consider- 
ably greater  and  repairs  more  numerous,  are  notable  for  their  silent  working, 
the  steam  first  doing  duty  in  the  high,  and  afterwards  in  the  low  pressure 
cylinder.  Thus  the  steam,  in  passing  from  the  engine,  is  discharged  into 
the  atmosphere  at  a  relatively  low  pressure,  reducing  to  a  minimum  the 
noise  from  the  exhaust  when  at  work,  an  important  matter  when  rolling  in 
towns  or  on  busy  suburban  roads. 

An  engine  constructed  on  this  principle  can  be  started  readily  in  any 
position  of  the  crank,  and  there  is  an  entire  absence  of  sudden  jerks  and 
shocks  inseparable  from  an  engine  with  a  single  cylinder. 
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It  IS  also  claimed  that  a  considerable  saving  in  the  consumption  of  coal 
and  water  required  is  effected  by  a  road-roller  having  a  compound  cylinder 
over  that  of  one  with  a  single  cylinder  only,  which  may  result  in  greater 
economy  of  the  working  expenses,  especially  when  the  fuel  has  to  be  brought 
from  a  considerable  distance,  and  in  districts  where  water  is  scarce.  Another 
matter  of  considerable  importance  is  the  reduced  temperature  of  the  fire-box, 
owing  to  the  steam  being  expanded  down  before  passing  through  the 
exhaust  into  the  chimney.  The  fierce  draught  caused  in  high  pressure  or 
single  cylinder  engines  creates  considerable  wear  and  tear  to  the  fire-box  and 
tubes,  which  does  not  occur  to  any  great  extent  in  engines  constructed  on 
the  compound  principle. 

In  selecting  a  steam  road-roller  for  the  consolidation  of  the  metalling  in 
making  new  or  repairing  existing  roads,  it  is  necessary  to  consider,  in  the 
first  instance,  the  nature  or  quality  of  the  material  which  is  to  be  employed  for 
the  purpose  of  construction  and  repairs.  The  weight  of  the  roller  most 
suitable  in  any  circumstances  will,  therefore,  have  to  be  in  a  great  measure 
determined  by  the  quality  of  the  macadam  made  use  of  in  the  particular 
locality  concerned. 

The  great  object  to  be  attained  is  a  resulting  coat  of  metalling  com- 
pressed to  such  a  degree,  without  crushing  the  material,  that  the  interstices 
are  just  apparent  and  contain  the  least  possible  amount  of  binding  con- 
sistent with  the  proper  cohesion  of  the  stones  forming  the  coating. 

To  accomplish  this  effectually  with  hard  and  tough  road  metal  the 
greatest  weight  of  road-roller  permissible  should  be  employed  which  will 
consolidate  the  coating  without  crushing  the  stones  composing  it. 

258.  Experience  shows  that  for  consolidating  the  best  materials, 
described  in  Chapter  IV.,  the  greatest  amount  and  the  best  work  are 
obtained  by  the  employment  of  a  15-ton  roller,  which  exerts  a  compres- 
sive force  on  the  material  under  consolidation  of  from  4*88  to  5*42  cwts.  per 
inch  of  width  of  wheel.  For  convenience  and  comparison,  the  weight  per 
inch  of  the  bearing  surface  of  the  different  kinds  of  rollers  generally 
employed  is  given  in  Table  XXXI. 

Table  XXXI. 

Weight  per  inch  of 
Class  of  Road-roller  in  Steam.  width  in 

driving-wheels. 
15-ton  road-roller,  weighing  in  working  order  16J  tons, 

driving-wheels  18  inches  wide 5*42  cwt.  per  inch 

15-ton  road-roller,  weighing  in  working  order  16^  tons, 

driving-wheels  20  inches  wide, 4  88      ,,         ,, 

12-ton  road-roller,  weighing  in  working  order  13  tons, 

driving-wheels  17  inches  wide, 4*69      ,,         ,, 

10-ton  steam-roller,  weighing  lOf  tons  in  working  order, 

driving-wheels  16  inches  wide, 3'94      „        ,, 
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1W9.  On  referring  to  Table  VI.,  p.  38,  it  will  be  observed  that 
the  greatest  compressive  effect  is  produced  by  carts  having  wheels  with 
narrow  tyres,  amounting  in  the  case  of  No.  14  to  8  cwts.  per  inch  of 
width. 

The  increasing  number  of  traction  engines  and  the  recent  introduction 
of  heavy  motor  cars  will  tend  to  cause  much  greater  wear  and  tear  of 
macadamized  roads  than  was  formerly  the  case. 

It  is  evident  that  to  obtain  the  best  results,  providing  the  road  materials 
can  bear  a  heavy  weight  without  crushing,  the  compressive  power  or 
effective  rolling  weight  exerted  by  a  15-ton  roller  is  sufficient  for  this 
purpose,  and  any  unit  weight  beyond  5*42  cwts.  per  inch  of  width  of  tyre 
will  obviously  cause  displacement  of  the  stones  forming  the  crust  of  a 
road.  Should  these  heavy  vehicles  become  general  for  haulage  purposes, 
and  there  is  no  reason  why  this  will  not  be  the  case,  it  is  evident  that  the 
present  method  of  making  macadamized  roads  will  have  to  be  improved, 
otherwise  the  cost  of  maintenance  will  increase  at  an  enormous  rate. 

260.  Selection  of  Boiler  according  to  nature  of  Material  used,  and 
other  Subsidiary  Oauses. — With  macadam,  the  stones  of  which  are  of  a 
less  tough  variety  or  of  a  brittle  nature,  such  as  mountain  limestone,  some 
granites,  the  softer  descriptions  of  whinstone,  Kentish  rag,  ironstone  slag, 
and  flints,  the  employment  of  a  roller  15  tons  in  weight  would  result  in  the 
stones  composing  a  coating  of  such  material  being  considerably  crushed, 
and  probably  rendered  useless. 

It  is  obviously  necessary,  therefore,  to  make  use  of  a  lighter  roller  in 
such  circumstances,  the  quality  of  the  macadam  being  a  factor  in  the  matter 
of  selection. 

The  12-ton  roller  will  be  found  suitable  for  the  materials  mentioned  in 
the  preceding  paragraph,  while  in  some  cases  a  roller  weighing  10  tons  may 
be  advantageously  used,  and  in  particular  cases  this  is  the  minimum  weight 
which  can  be  employed  successfully.  The  width  which  the  former  covers 
when  rolling  is  6  feet  5  inches,  while  the  latter  rolls  a  width  of  6^  feet.  It 
is  for  this  reason  that  in  many  of  the  English  counties  rollers  of  different 
weights  are  employed,  the  material  obtained  locally,  and  used  for  macadam, 
being  variable  in  quality,  while  the  best  class  macadam  for  main  roads  is  in 
many  instances  brought  from  adjoining  counties  where  available,  and  even 
from  centres  situated  at  a  considerable  distance.  The  Welsh  quarries  supply 
a  considerable  proportion  of  the  material  necessary  to  the  counties  lying  on 
the  west  coast,  and  many  of  those  inland  in  an  easterly  direction,  while 
many  of  the  midland  counties  are  supplied  from  Clee  Hill  and  the  Leicester- 
shire quarries.  The  15-ton  road-roller  already  described  is  used  in 
Scotland  on  county  roads^  almost  without  exception ;  a  limited  number  of 
12-ton  rollers  are  employed  in  burghs  where  the  matter  of  choice  is 
determined  not  so  much  by  the  quality  of  the  macadam  as  by  the  poftitvotL 
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and  number  of  the  gas  and  water  mains,  and  also  the  service  pipes,  which 
are,  as  a  rule,  near  the  surface  of  the  road. 

The  quality  of  the  rock  from  which  macadam  is  produced  being  for  the 
most  part  of  a  hard,  tough,  and  durable  nature,  the  weight  of  a  15-ton 
roller  occasions  little  or  no  damage  to  the  material  when  ordinary  precau- 
tions are  exercised. 

The  amount  of  work  performed  in  a  given  time  by  the  different  classes 
of  road-rollers  mentioned  must  necessarily  vary,  and  be  less  in  proportion 
as  their  weight  and  width  of  rolling  surface  decrease. 

261.  Quantity  of  Macadam  consolidated  by  Steam  Boilers. — The 
quantity  of  material  which  a  road-roller  is  capable  of  consolidating  in  one 
day  will  depend  on  the  description  of  the  road-stone  and  thickness  of  the 
coating  applied,  the  amount  and  nature  of  the  binding  used,  the  available 
water-supply,  and  the  time  lost  by  compulsory  stoppages  for  the  passing 
tiaffic 

A  15-ton  roller,  working  nearly  continuously,  will  on  moderately  level 
roads  thoroughly  consolidate  a  coating  of  metal  3  to  4  inches  in  thickness 
laid  direct  on  the  surface  of  the  road  under  repair,  without  the  intervention 
of  scarifying,  and  using  just  sufficient  binding  to  fill  the  interstices  between 
the  stones,  from  64  to  70  tons,  or  about  60  cubic  yards  each  day  of  nine 
hours'  duration.  When  working  on  gradients,  however,  a  less  quantity  of 
material  can  be  rolled,  diminishing  in  amount  as  the  incline  becomes  steeper, 
owing  to  the  artificial  watering  necessary  for  consolidating  the  coating 
escaping  from  the  metal,  and  with  it  a  considerable  amount  of  the  binding 
material,  into  the  water  channels  and  ditches,  or  down  the  inclined  part  of 
the  road  past  where  the  operations  are  being  carried  on.  The  amount  of 
work  done  by  a  12-  or  10-ton  roller  under  similar  conditions  and  time, 
allowing  for  the  extra  number  of  passages  necessary  to  be  made  relatively  to 
ensure  thorough  consolidation,  may  be  taken  at  50  and  40  tons  respectively. 

These  quantities  are  applicable  to  cases  where  from  twelve  to  twenty 
minutes  are  lost  each  hour  by  compulsory  stoppages.  When  the  number 
and  gravity  of  such  interruptions  are  such  that  a  greater  amount  of  time  is 
consumed,  as  when  working  on  suburban  roads  or  when  rolling  in  towns 
the  streets  of  which  are  not  given  up  to  the  exclusive  use  of  the  engine, 
the  quantity  of  macadam  consolidated  each  day  will  be  reduced  considerably, 
and  in  extreme  cases  the  amount  may  not  reach  the  figures  stated  by  one- 
half,  or  33,  25,  and  20  tons  respectively. 

262.  Cost  of  Steam  Eoad-rolling.— The  cost  of  steam  rolling  depends 
on  the  system  adopted,  the  amount  of  work  accomplished  depending  on  the 
degree  of  consolidation  requisite  and  the  principle  on  which  the  chargeable 
expenses  are  calculated. 

In  many  instances  the  cost  is  stated  by  some  authorities  on  the  subject 
at  so  much  per  square  yard,  varying  from  ^d.  to  Id.,  but  as  the  quantity  of 
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road  metal  which  will  cover  a  aquare  yard  varies  according  to  the  thickness 
of  the  material  applied,  it  is  advisable,  in  order  to  obtain  reliable  figures, 
to  calculate  the  cost  of  rolling  at  a  price  per  ton  or  cubic  yard  con- 
solidated. 

The  figures  in  Table  XXXII.  may  be  taken  as  representing  the  different 
items  which  ought  to  be  included  in  the  expenses  of  steam-rolling  continuous 
coatings  of  from  3  to  4  inches  in  thickness,  allowance  being  made  when 
necessary  for  local  differences  in  the  cost  of  labour  and  fuel. 

Table  XXXII. 

Cost  of  steam  road-rolling^ 

Cost  per  day. 

ForemAD,  1  man,  48.  2d., £0    4    2 

Enginemaii,  1  man,  4s., 0    4    0 

Sweepers,  6  men,  Ss.  6d., 110 

Man  and  horse  for  water-cart,  8&, 0    8    0 

Coals  (steam  navigation),  including  carting,  4)  cwts.,  12s.  per  ton,  0    2    9 

Oil,  waste,  and  brooms, 0    2    0 

Total  working  expenses,  £2    1  11 

Add  for  repairs  and  depreciation  and  insurance  on  roller,  repairs 
on  sleeping-7an  and  water-cart, 0    8    6 

Total  cost, £2    6    6 

Taking  the  quantity  of  metalling  which  can  be  consolidated  by  a  15-ton 
roller  in  one  day  at  64  tons,  the  cost  on  the  working  expenses  alone  will 
amount  to  7'70d.  per  ton,  and  when  the  amount  for  repairs  and 
depreciation  is  included  the  cost  is  increased  by  0'7d.,  or  an  inclusive 
price  of  8'40d.  per  ton ;  this  is  equal  to  8'55d.  per  cubic  yard  in 
the  former  case  and  9 '33d.  in  the  latter.  The  working  expenses  in 
connection  with  a  12-  or  10-ton  roller  arc  almost  similar  to  the  expenditure 
incurred  in  operating  a  15-ton  roller;  but  assuming  this  to  be  36s.  per 
day,  and  taking  the  quantity  of  macadam  which  these  rollers  can  con- 
solidate as  stated  at  page  240,  the  cost  per  ton  will  be  8d.  and  lO^d. 
respectively,  exclusive  of  spreading  the  macadam.  When  the  road  surface 
is  prepared  by  being  picked  or  scarified,  and  when  the  coatings  are  of  less 
thickness  than  stated,  the  cost  of  rolling  will  be  correspondingly  reduced. 
Should  the  available  source  of  the  water-supply  be  situated  at  a  considerable 
distance  from  where  the  work  is  being  carried  on,  it  may  be  necessary  to 
employ  an  additional  water-cart,  in  which  case  the  cost  of  rolling  will  be 
increased  by  l*50d.  per  ton. 

The  price  per  ton,  including  spreading  the  macadam,  in  the  district 
supervised  by  the  author,  taking  the  average  of  a  number  of  years,  has  been 
9d.  per  ton  for  the  working  expenses,  but  exclusive  of  depreciation  and 
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repairs.  If  the  latter  be  included,  then  the  total  cost  per  ton  amounts  to 
about  9-63d. 

As  the  cost  of  rolling  macadam  per  ton  may  be  increased  considerably 
without  any  corresponding  advantage,  it  is  desirable  that  a  sufficient  quantity 
of  material  should  at  all  times  be  spread  on  the  road  in  order  to  keep  the 
workmen  and  roller  in  constant  employment.  Thus,  if  the  number  of  men 
engaged  in  sweeping  the  binding  be  arranged  for  a  daily  supply  of,  say, 
70  tons  of  metal  (a  usual  allowance,  but  subject  to  the  remarks  on  p.  240), 
it  will  be  evident  that,  should  the  quantity  fall  short  of  this  through  delays 
either  at  the  stone-breaker,  in  the  haulage,  or  generally  a  short  supply,  the 
cost  of  rolling  will  be  increased  accordingly.  If  the  cost  is  taken  as  7|d. 
per  ton  for  the  proper  amount  applied,  then  with  only,  say,  45  tons  spread 
and  rolled  each  day,  the  cost  will  be  increased  to  lid.  per  ton. 

It  is  evident  from  a  consideration  of  the  foregoing  statement  that  should 
the  supply  be  much  below  the  quantity  of  metalling  arranged  and  provided 
for  in  each  particular  instance,  the  cost  of  rolling  will  be  enormously 
increased,  and  every  effort  should  be  made  to  provide  for  the  maximum 
amount  of  work  possible,  considering  the  weight  of  roller  employed  and  the 
number  of  men  engaged  for  the  purpose. 

When  the  work  of  rolling  is  performed  by  contract,  the  cost  is  generally 
from  Is.  2d.  to  Is.  6d.  per  cubic  yard,  but  this  does  not  include  spreading 
the  macadam.  The  calculations  in  the  foregoing  paragraphs  are  based  on 
the  assumption  that  a  suitable  and  sufficient  quantity  of  binding  material 
can  be  obtained  in  close  proximity  to  the  work  on  hand. 

263.  Binding  Material. — The  nature  of  the  binding  material  employed 
is  of  vital  importance  in  the  durability  of  a  road  and  the  comfort  of  those 
travelling.  It  has  unfortunately  been  the  practice  in  many  localities  to  use 
any  material  which  could  be  obtained  near  at  hand,  as,  for  instance,  road- 
scrapings  and  material  of  a  clayey  nature ;  the  results  consequently  have  been 
unsatisfactory.  The  effect  of  using  this  description  of  binding  material, 
especially  when  applied  in  large  quantities,  is  such  that  much  mud  is  created 
in  wet,  and  dust  in  fine  weather ;  while  during  alternating  frost  and  thaw, 
licking  up  of  the  road-stones  by  wheel  traffic  causes  great  damage  to  the 
road  surface.  It  is  quite  as  essential  for  comfortable  travelling  and  in  a  great 
measure  to  economical  maintenance,  that  the  binding  should  be  relatively 
of  as  good  quality  as  the  road-stones.  No  satisfactory  results  can  be 
obtained  by  using  binding  of  a  greasy  nature,  even  with  the  best  quality 
of  macadam.  The  amount  of  rolling  accomplished  each  day  is,  by  using 
road-scrapings  or  other  promiscuous  material,  greater,  and  the  cost  of  con- 
solidation per  ton  less,  than  when  binding  of  a  reliable  nature  is  employed, 
but  the  surface  quickly  becomes  cupped  by  wheel  traffic. 

This  irregular  wear  makes  a  bumpy  road,  the  ultimate  durability  ia 
decreased,  and  the  renewing  of  the  surface  in  this  manner  may  prove  a 
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failure  on  economical  grounds,  while  the  results  are  unsatisfactory  to  all 
road  users. 

There  can  be  no  doubt,  and  it  is  now  being  more  generally  recognized, 
that  sand  containing  oxide  of  iron,  lime,  or  other  cementitious  matter  as  a 
material  for  binding  in  connection  with  rolling  operations,  when  applied  in 
a  limited  but  sufficient  quantity,  promotes  the  durability  of  a  road.  The 
result  is  a  firm,  compact  metal  coating  presenting  a  smooth  surface,  while 
the  subsequent  maintenance  is  reduced  to  a  minimum. 

The  difficulty  and  consequent  cost  of  obtaining  this  kind  of  binding 
material  in  many  districts  may  preclude  its  being  used.  In  such  cases 
a  material  of  a  light  and  friable  nature,  free  from  vegetation,  should  be 
employed,  or  road-drift  and  the  screenings  from  the  stone-breaking  machine 
may  be  advantageously  employed  for  this  purpose. 

When  using  clean  sand  great  care  should  be  exercised  in  applying  it,  as 
in  the  event  of  its  being  spread  over  the  surface  of  the  Ynacadam  before  it 
is  '  set)'  or  sufficiently  rolled  in  a  dry  state,  the  sand  will  be  carried  to  the 
bottom  of  the  coating  by  the  artificial  watering  necessary  for  consolidation, 
and  being  irrecoverable,  it  will  form  an  irregtdar  and  undesirable  cushion 
between  the  old  and  new  metalling.  In  consolidating  macadam  of  the 
acid  varieties,  it  is  advisable  to  use  loamy  sand,  in  order  to  ensure  cohesion. 
If  clean  sand  be  used  in  combination  with  the  screenings  from  the  breaking 
machine  a  very  sound  and  satisfactory  road  surface  will  be  obtained. 

When  renewing  the  crust  of  a  road  with  a  heavy  coat  of  metalling  of 
from  3  to  4  inches  in  thickness,  the  author  invariably  applies  sand  when 
possible,  finishing  the  surface  of  the  road  with  the  screenings  from  the 
stone-breaking  machine.  This  gives  a  smooth,  clean  surface  to  begin  with, 
and  the  metal  coating  obtained  will  withstand  much  more  wear  than  a 
coating  made  with  an  inferior  binding.  A  greater  amount  of  rolling  is 
necessary  when  sand  is  employed  as  a  binding  material,  but  economy  is 
promoted,  and  the  results  are  more  satisfactory. 

By  the  application  of  an  immoderate  quantity  of  binding  of  any  descrip- 
tion the  coating  of  metal  will  become  unsound  or  rotten  in  condition,  and 
if  this  material  be  of  a  clayey  nature,  will  expand  during  frost,  owing  to 
its  absorbent  properties,  and  cause  the  displacement  of  the  metalling  in 
wet  weather.  The  surface  will  become  sticky,  which  seriously  affects  the 
tractive  power  of  horses,  while  the  road  itself  will  suffer  by  the  irregular 
deterioration  of  the  surface. 

Tlie  secret  of  effective  rolling  is,  using  screened  road-stone  of  recog- 
nized quality,  to  employ  the  most  suitable  binding  material  possible  in 
quantities  sufficient  only  to  grout  the  interstices  of  the  metal  coating,  after 
the  stones  have  been  compressed  to  a  degree  that  further  movement  in  the 
mass  ceases  and  the  material  shows  just  slight  signs  of  abrasion.  By  this 
means  the  least  possible  quantity  of  binding  is  used,  but  wbicVi  \%  V^aXi 
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sufficient  to  eDsure  cohesion,  any  surplus  being  swept  off  during  the  later 
stages  of  rolling,  so  as  to  form  a  hard  surface,  and  finishing  with  a  coating 
of  fine  chips  from  the  stone-breaker. 

The  amount  of  rolling  necessary  to  properly  consolidate  a  coating  of 
metal  depends  on  many  considerations,  but,  given  a  good  quality  of  binding, 
a  sufficient  supply  of  water,  and  using  road- stones  of  the  description  paiv 
ticularized  in  Chapter  lY.,  3  to  4  inches  deep  with  a  15- ton  roller,  the 
requisite  solidity  will  be  obtained  by  subjecting  the  macadam  to  4  ton-miles 
of  engine  travel  to  each  ton  of  material  applied.  All  cupping  of  the  road- 
stones  at  the  surface  of  the  road  will  have  ceased  previous  to  this  stage  of 
consolidation  being  arrived  at,  and  further  rolling  will  be  unnecessary.  It  is 
hardly  possible  to  attain  this  degree  of  consolidation  with  a  light  roller  even 
although  it  traverses  the  coating  a  greater  number  of  times,  and  in  the  case 
of  a  heavier  roller  considerable  damage  is  often  done  to  the  road-stones 
before  the  requisite  degree  of  solidity  has  been  attained. 

It  will  be  found,  when  the  surface  of  a  road  is  scarified  and  a  coating 
of  fresh  metalling  one  stone  thick  applied,  that  there  is  no  necessity  for 
employing  any  additional  binding  materials^  as  the  old  metalling  contains 
a  sufficient  amount  of  detritus  for  the  purpose. 

If  the  surface  of  a  road  is  scarified  and  the  old  metalling  screened  (the 
method  of  accomplishing  which  will  be  explained  in  the  chapter  on  '  Road 
Maintenance ' ),  a  sufficient  quantity  of  small  stones  and  fine  sand  or  detritus 
will  be  obtained  which  forms  an  excellent  binding,  provided  it  is  not  incor- 
porated with  any  material  of  a  clayey  nature  or  other  unsatisfactory  matter. 

The  different  items  which  make  up  the  cost  of  carrying  out  the  work 
of  consolidating  the  macadam  in  this  manner  is  indicated  in  Table  XXXII., 
page  241.  The  working  expenses  need  not  exceed  the  amount  stated  unless 
the  binding  has  to  be  purchased  and  hauled  a  considerable  distance,  or 
there  is  not  available  a  water-supply  affording  a  sufficient  quantity  within 
easy  reach  of  the  rolling  operations,  necessitating  extra  expenditure  in  the 
employment  of  additional  water-carts.  These  circumstances  will  determine 
in  a  great  measure  the  actual  cost  of  such  operations  in  any  particular 
county  or  locality. 

264.  Mileage  of  Beads  which  can  be  undertaken  with  one  Boiler. — 
The  mileage  of  roads  which  should  be  apportioned  to  each  roller  in  a  county 
will  depend  on  the  weight  of  the  engine  adopted,  the  rolling  width, 
as  also  the  method  by  which  the  work  is  carried  out ;  either  by  patching 
or  by  spreading  the  macadam  in  long  stretches  the  full  width  of  the  road. 
When  working,  the  operations  may  be  considerably  affected  by  the  frequency 
of  the  interruptions  experienced  on  account  of  passing  traffic  and  by  the 
climatic  conditions.  It  may  be  stated,  however,  that  on  county  roads  over 
which  local  or  purely  agricultural  traffic  passes,  one  roller  will  suffice  for 
the  work  on  from  100  to  120  miles  of  road;  but  if  the  traffic  is  partly  due 
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to  local  industries,  one  roller  is  required  for  from  60  to  80  miles  of  road. 
In  provincial  towns  and  urban  districts  40  to  50  miles  would  be  a  sufficient 
mileage  to  be  properly  served  by  one  roller.  In  manufacturing  towns 
and  cities  the  extent  of  roads  which  one  roller  is  capable  of  being  employed 
on  will  depend  very  much  on  whether  the  work  can  be  carried  out 
continuously  or  intermittently  only.  In  the  former  case  a  full  day's  work 
can  be  performed,  and  the  quantity  of  metalling  which  can  be  consolidated 
will  vary  accorduig  to  the  weight  of  the  roller  employed  and  the  other 
influencing  conditions ;  while  in  the  latter  instance  possibly  only  one-half 
of  the  amount  of  macadam  capable  of  being  consolidated  by  the  roller  under 
ordinary  circumstances  may  be  dealt  with  in  one  day. 

265.  Hiring  Boad-roUers. — The  system  of  hiring  was  at  one  time  greatly 
taken  advantage  of  in  England  for  the  purpose  of  effecting  much-needed 
improvements  in  the  condition  of  the  main  roads,  immediately  after  the 
passing  of  the  Local  Government  Act,  1888,  creating  County  Councils,  but 
the  more  economical  and  satisfactory  arrangement  of  purchasing  road-rollers 
is  now  gradually  being  adopted.  The  hire  system,  however,  is  still  practised 
in  many  counties  at  the  present  time  even  where  the  mileage  of  the  roads 
would  ensure  many  road-rollers  being  fully  employed  all  the  year  round. 

The  cause  of  this  preference  is  somewhat  difficult  to  understand,  no  valid 
reason  being  given  for  the  adoption  of  hiring,  except  that  it  is  cheaper  to  hire 
and  save  the  annual  cost  of  repairs  on  the  rollers.  This  has  been  stated  to 
amount  to  X30  or  £40  per  engine  per  annum  in  some  isolated  instances,  but 
(admitting  this  to  be  the  case)  the  party  who  supplies  the  rollers  on  hire,  or 
contracts  to  perform  the  work  at  a  tonnage  rate,  must  obviously  include  the 
cost  of  such  repairs  in  the  charge  for  performing  the  work.  The  cost  of 
annual  repairs  as  stated  above  is  excessive,  as  will  be  shown  presently, 
unless  some  extraordinary  expenditure  was  included  in  the  figures  relating 
to  the  particular  year  for  which  the  statistics  are  given.  The  cost  of  hiring 
rollers  varies  considerably,  but  25s.  to  SOs.  per  day  may  be  taken  as  an 
average,  which  sum  includes  the  engineman,  coals,  oil,  and  waste. 

Taking  the  quantity  consolidated  each  day  at  a  mean  between  the  rolling 
capacity  of  a  15-ton  roller  and  that  of  a  12-ton  roller  as  50  tons  of  metalling, 
the  cost  would  be  6d. ;  to  this  sum  must  be  added  the  collateral  expenses 
for  sweeping  and  for  the  use  of  a  water-cart  and  hire  of  horse,  which 
amounts  to  6d. ;  this  gives  an  inclusive  price  of  Is.  per  ton  consolidation, 
the  price  per  ton  increasing  as  the  quantity  of  macadam  rolled  becomes  less. 

The  usual  contract  tonnage  price  for  hiring  is  Is.  Sd.  to  Is.  6d.,  so  that 
taking  the  difference  between  the  two  systems  at  the  low  figure  of  4d.  per  ton 
or  about  30  per  cent.,  and  reckoning  the  useful  effect  of  one  road-roUer  at 
8000  tons  of  macadam  per  annum,  it  is  obvious  that  the  expenditure  incurred 
for  hiring  would  be  sufficient  in  the  course  of  three  or  four  years  to  purchase 
a  roller. 
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The  necessity  for  hiring,  however,  becomes  apparent  when  the  mileage 
of  roads  under  an  authority  or  urban  council  is  too  small  to  justify  them, 
on  economical  grounds,  in  purchasing  a  road-roller,  especially  when  the 
quantity  of  macadam  te  be  consolidated  is  only  sufficient  to  keep  it  at 
work  for  a  few  months  in  each  year.  In  Scotland  all  the  road-rollers  are 
purchased  for  county  work,  but  hiring  to  a  limited  extent  is  practised  in 
provincial  towns  and  isolated  places.  These  rollers  were,  for  the  most 
part,  in  use  under  the  old  rdgime  of  the  '  Koad  Trustees '  and  previous  to 
the  advent  of  the  County  Councils,  although  many  road-rollers  have  been 
introduced  since  that  date. 

In  France,  when  the  rolling  is  done  by  contract,  the  amount  of  con- 
solidation considered  necessary  is  usually  stated  at  so  many  ton-miles  for 
each  cubic  yard,  the  engine  travelling  at  a  maximum  speed  of  2^  miles  an 
hour.  This  varies  according  to  the  weight  and  width  of  the  rolls,  the 
average  being  2^  ton-miles  per  cubic  yard,  and  the  contract  price  is  ahout 
5d.  per  ton  mile,  exclusive  of  the  water-supply. 

266.  Bepairs. — In  the  first  edition  of  this  book  it  was  stated  that  the 
annual  cost  of  repairs  could  not  be  then  given  with  any  degree  of  accuracy, 
as  road-rollers  had  not  been  in  use  sufficiently  long  to  arrive  at  actual 
figures.  It  was,  however,  mentioned  what  had  been  necessary  up  to  that 
time  in  the  way  of  repairs,  and  taking  into  consideration  what  might  be 
necessary  in  course  of  time,  the  figure  of  £23  was  given  as  the  approximate 
average  annual  cost  of  repairs. 

With  an  experience  of  nearly  twenty  years,  the  necessary  particulars 
can  now  be  given  with  greater  accuracy  for  the  purpose  of  allowing  a  sum  in 
the  cost  of  rolling  to  cover  depreciation  and  repairs. 

The  following  figures  are  made  up  from  the  actual  cost  incurred ;  but  it 
must  be  understood  that  the  rollers  have  been  carefully  handled,  and  any 
necessary  repairs  carried  out  at  once. 

The  cost  of  repairs  in  one  roller  will  alone  be  given,  which  may  form  a 
fair  average  for  others  working  under  similar  circumstances,  namely,  on 
level  stretches  and  on  hilly  roads,  and  practically  in  steam  all  the  year, 
except  when  under  repairs  or  stopped  by  frost  during  the  winter 
months. 

Up  to  the  fourteenth  year  the  repairs  were  comparatively  trifling,  with 
the  exception  of  a  pair  of  new  driving  wheels  and  repairing  the  fire-box  and 
tubes,  etc.  These  latter,  and  including  sundry  repairs,  amounted,  on  an 
average,  to  J&ll  per  annum.  It  was  then  found  necessary  to  have  a  new 
fire-box  and  general  overhaul  of  all  the  working  parts.  This  cost  JK170,  and 
the  engine  should,  it  is  anticipated,  be  capable,  with  ordinary  repairs,  to  run 
for  a  period  equal  to  a  life  of  twenty-five  years  at  least.  The  renewal  of  the 
driving  and  front  wheels,  especially  the  former,  is  an  expensive  item,  and 
what  was  considered  at  one  time  impracticable  can  now  be  carried  out, 
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that  is,  plating  the  worn-out  rims.  This  results  in  a  considerable  saving, 
and  the  wear  of  the  metal  forming  the  rims  is  considerably  less  than  in 
the  original  wheel&  It  should  be  stated,  however,  that  the  wheels  for 
renewal  of  rims  should  not  be  worn  too  thin,  as,  in  such  cases,  the  renewal 
is  not  so  satisfactory.  The  process  is  to  fit  steel  plates  on  the  old  rims 
and  rivet  the  two  together,  and,  apart  from  a  few  of  these  becoming 
loose,  which  can  be  remedied  by  counter-sunk  bolts,  the  arrangement  is 
in  every  way  successful.  The  grip  or  '  bite '  of  these  steel-plated  wheels 
is  as  good  as  that  of  the  original  cast-iron  ones,  and  the  wear  is  much  more 
uniform. 

The  author's  experience  of  the  wear  of  steel-plated  rims,  rolling  road- 
stones  of  a  very  hard  description,  is  equal  to  ^  of  an  inch  for  every  1000 
tons  of  macadam  consolidated.  The  cost  of  renewing  the  driving  wheels 
by  this  method  is  about  £40,  and  although  this  is  only  £10  less  than  the 
cost  of  a  complete  set  of  new  wheels,  experience  shows  that  the  life  of  these 
renewed  with  steel  plates  is  nearly  doubled.  This  alone  is  a  considerable 
saving  among  the  many  collateral  expenses,  especially  where  a  large  number 
of  rollers  are  employed.  The  total  approximate  cost  of  these  renewals, 
including  those  mentioned,  and  an  annual  allowance  up  to  twenty-five  years, 
works  out  at  £21  for  each  year.  The  combined  cost  of  repairs  and 
depreciation,  therefore,  represents  a  charge  of  8  per  cent,  on  the  first  cost 
of  a  roller,  or  otherwise  3s.  4d.  per  working  day. 

267.  Judging  by  the  number  of  steam  road-rollers  at  present  in  use,  an 
idea  may  be  formed  of  the  high  appreciation  of  road-rolling  when  it  is 
stated  that  the  firm  of  Aveling  &  Porter  alone  have  made  and  sold  3500 
steam  road-rollers,  of  which  2145  are  in  use  in  the  British  Isles;  the 
migority  weighing  from  10  to  15  tons.  In  London  alone  more  than  one 
hundred  rollers  are  in  daily  use  on  an  area  of  400,000,000  square  yards  of 
macadamized  roads,  which  represent  over  2000  miles  of  road  having  an 
average  width  of  30  feet. 

Oil  Boad-rollers. — A  new  form  of  road-roUer  has  been  lately  introduced 
which  possesses,  it  is  stated,  many  advantages;  Messrs  Allen,  Dublin, 
are  the  makers  of  this  machine.  It  is  essentially  an  oil  engine,  and 
many  points  of  superior  construction  and  economy  of  working  as  well 
as  efficiency  are  claimed  for  it  in  comparison  with  steam  rollers.  Many 
of  the  points  claimed,  however,  do  not  appeal  to  experienced  road  engineers, 
and  it  will  be  interesting  to  watch  the  performances  of  these  road-rollers 
in  actual  practice,  and  especially  with  regard  to  oil  consumption  and  general 
repairs. 

The  cost  of  steam  road-roUers  and  accessories  are  detailed  in  the 
subjoined  table,  which  applies  only  to  the  usual  type  of  machine  used; 
special  requirements  to  suit  particular  circumstances  involve  a  greater 
cost. 
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Tablk  XXXIII. 


Description  of  Plant. 

— 

Cost  of  Roller  and 
Aocessorifls. 

£ 

9, 

d. 

16-ton  road -roller,  single  cylinder, 

460 

0 

0 

15-ton  road-roller,  single  cylinder,  convertible,  with  roller! 
wheels  only,  no  traction- wheels  or  fore-oarriage,               .  j 

600 

0 

0 

Set  of  four  traction-wheels  and  fore-carriage, . 

76 

0 

0 

12-ton  road-roller,  single  cylinder. 

400 

0 

0 

12ton  road-roller,  single  cylinder,  convertible,  with 

roUei 

:] 

626 

A 

0 

wheels  only,  no  traction-wheels  or  fore-oarriage, 

V 

Set  of  four  traction-wheels  and  fore-carriage,  . 

65 

0 

0 

10- ton  road-roller,  single  cylinder, . 

876 

0 

0 

If  made  compound,  extra,  15-ton  roller. 

76 

0 

0 

i>                          ^*        tt                • 

56 

0 

0 

»                           10        „ 

55 

0 

0 

,,                         15  tons  convertible, 

80 

0 

0 

12 

60 

0 

0 

Sleeping  van  to  aooommodate  four  men. 

75 

0 

0 

Traction  wagon,  capacity  4  tons,    .... 

65 

0 

0 

76 

0 

0 

i»                   »»       "    i»      •        •        •        ' 

86 

0 

0 

Water-cart,               „       240  gallons,    . 

85 

0 

0 

Scarifier  attached  to  any  class  of  roller,  . 

100 

0 

0 

Scaxjfying  Macadam  Roads. 

268.  Scarifiers  or  Machines  for  Breaking  up  Macadam  Boads. — In 

repairing  the  surface  of  a  road  by  the  aid  of  a  road-roller,  the  usual  practice 
is  to  lay  a  sufficient  thickness  of  metalling  to  bring  the  contour  of  the  road 
into  proper  form,  which  often  involves  the  application  of  considerable  quan- 
tities of  material.  Laying  macadam  one  stone  thick  on  a  hard  road  and  then 
rolling  it,  is  not  to  be  recommended,  both  on  economical  grounds  and  because 
greatdamage  often  results  from  the  metalling  being  crushed  when  so  spread.  If 
the  surface  of  a  road  is  loosened  to  a  sufficient  depth  preparatory  to  re-form- 
ing and  applying  the  macadam,  one  stone  thick  may  suffice  to  meet  the  require- 
ments of  the  case,  which,  without  this  being  done,  would  require  a  coating  of 
metal  of  unnecessary  thickness  being  applied  to  ensure  satisfactory  results. 

It  seems  strange  that,  even  before  steam  rollers  were  introduced,  a 
contrivance  for  scarifying  roads  on  the  agricultural  harrow  and  plough 
principle  was  patented  in  1817  by  Clay,  and  designated  "a  harrow  which  is 
intended  to  scarify  the  uneven  part  of  any  road." 

It  is  stated  that  attempts  have  been  made  from  time  to  time,  not  only  in 
this  country  but  also  in  France,  to  construct  a  machine  having  the  same 
object  as  Clay's,  and  drawn  by  horses,  but  it  is  evident  that  little  or  no 
advance  was  made  in  the  construction  of  a  practical  machine  for  this  purpose 
until  within  comparatively  recent  years. 
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269.  The  propriety  of  scarifying  macadam  roads  does  not  appear  to  be 
fully  appreciated,  owing  probably  to  a  want  of  experience  in  the  matter, 
or  possibly  to  its  having  been  so  rarely  resorted  to  that  the  actual  work 
performed  by  the  machine  has  not  been  sufficiently  known. 

In  districts  where  macadam  scarifiers  have  been  introduced  and  prac- 
tically applied,  it  is  considered  to  be  an  indispensable  adjunct  in  connection 
with  steam  rolling.  This  is  a  subject  of  considerable  importance  in  con- 
nection with  the  maintenance  of  roads,  and  as  such  operations  can  be 
executed  by  machinery  at  a  considerably  less  cost  than  by  hand  labour,  a 
full  description  will  be  given  of  mechanical  scarifiers  and  of  the  results 
obtainable  by  their  use. 

270.  Qnalificatioois  which  a  Macadam  Scarifier  ahould  possess. — A 
macadam  road-scarifier,  to  be  of  any  practical  advantage,  must  be  of  a  light 
but  strong  construction,  easily  manipulated,  and  form  part  of,  or  be  per- 
manently attached  to,  the  road-roller  or  traction  engine. 

It  should  be  capable  of  being  used  both  when  the  engine  is  moving 
forward  and  when  it  is  moving  backward,  while  the  engine  wheels  should 
not  be  allowed  to  compress  the  portion  of  road  just  broken  up  when  making 
a  fresh  '  cut '  parallel  with  it. 

The  teeth  or  tines  should  be  spaced  sufficiently  close  to  ensure  the  crust 
of  the  road  being  completely  loosened,  and  the  mechanism  regulating  the 
depth  of  the  cut  should  be  so  arranged  that  the  teeth  or  tines  can  be 
instantly  raised  clear  of  the  road  when  necessary.  This  is  particularly 
desirable  when  working  in  towns  in  order  that  crossings,  gratings,  tobies,  or 
other  obstructions  may  be  safely  passed  while  the  engine  is  in  motion; 
the  depth  to  which  it  is  intended  to  penetrate  the  macadam  will  depend  on 
circumstances,  but  for  all  practical  purposes  it  need  not  exceed  4  inches. 
The  working  of  the  machine  should  be  so  arranged  as  to  avoid  the  stones 
composing  the  crust  of  the  road  being  violently  strewn  about,  with  the 
possible  risk  of  incurring  danger  to  pedestrians  and  vehicular  traffic,  or 
damage  to  house  or  shop  windows  when  working  in  populous  places.  The 
best-known  scarifying  machines  made  within  the  last  few  years  in  this 
country,  and  employed  in  some  instances  with  marked  success,  are  given 
in  the  following  list  in  chronological  order. 

271.  Different  Makers  of  Scarifiers.— Butty's  road-scarifier,  1884; 
Yoysey  &  Hosack's  apparatus  for  breaking  up  streets,  etc.,  1 890 ;  Jackson's 
road-scarifier,  1891 ;  Wallis's  machine  for  breaking,  etc.,  the  surface  of 
roads,  1891 ;  Henderson's  macadam  road-breaker,  1891 ;  Messrs.  J.  Fowler 
&  Co.'s  road-scarifier,  1894;  Morrison's  (Aveling  &  Porter)  road-scarifier, 
1895 ;  Rutty's  road-scarifier,  1896  ;  Burrell  &  Rutty's  road-breaking  machine, 
1897  ;  Fowler's  scarifier,  1897  ;  Marshall's  scarifier,  1898 ;  Bomford's  scari- 
fiers, 1898 ;  Hosack's  scarifier,  1898. 

Of  the  various  machines  mentioned,  the  author  will  describe  iXsA  xos^^ 
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features  of  Kutty'e  original  scarifier  as  improved  in  1890,  and  give  the 
amount  and  cost  of  work  effected  by  its  uae.  This  machine  has  done 
excellent  work  for  many  years  past,  and  still  maintjina  its  position  as 
a  capable  and  effective  mechanical  appliance  under  certain  conditions. 
These  conditions  will  be  referred  to  later  on. 

Morrison's  machine,  which  is  manufoctured  by  Messrs.  Aveling  &  Porter, 
and  fixed  to  their  road*ro]ler8  or  traction  engines,  will  also  be  described, 
and  details  given  as  to  its  working  capacity  and  cost. 

Tliis  machine  is  capable  of  performing  heavy  or  continuous  scanfyiii(g 
and  of  working  with  equal  facility  and  advantage  backwards  or  forwards. 
As  it  is  usually  attached  to  the  engine,  but  can  be  detached  in  a  few 
minutes  if  necessary,  it  is  available  for  work  at  a  moment's  notice ;  this 
is  a  convenient  arrangement  when  the  repairs  on  the  roads  are  carried  out 
on  the  patching  system. 

The  otber  machines  mentioned  in  the  preceding  list,  so  fiir  as  uiy  special 
features  possessed  by  them  are  of  interest,  will  be  briefly  noticed  in  their 
chronological  order. 

272.  Butty's  Scarifier. — The  general  features  of  this  machine  are 
shown  in  fig.  117.  It  is  made  up  of  a  heavy  cast-iron  box  or  trolley  a,  to 
either  end  of  which  a  bracket  b  is  fixed,  carrying  the  boss  0  thiou^ 


Fio.  117. 


which  the  quick- threaded  screw  d  in  the  depth -regulating  frame  s  works. 
This  frame  is  rigidly  held  in  position  by  deep  recesses  on  each  side,  between 
which  the  boss  slides,  the  lower  ends  being  cnrried  by  small  road  wheels 
which  travel  in  a  line  with  the  axis  of  the  machine,  while  the  means  of 
regulating  the  depth  is  provided  at  the  upper  end  of  the  frame  «  by  a 
handle  g.      The   regulating-frame  and  bearing-wheel  /  ore  placed   in  a 
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raking  position,  as  shown  in  the  illustration,  fig.  117.  Lugs,  h,  are  cast  on 
the  box-frame  at  the  corners,  to  which  are  attached  draw-links  and  pins, 
forming  the  means  for  attaching  the  drag-chains.  The  teeth  or  scarifying 
tools  i  are  placed  in  sockets  j\  and  pass  through  the  lower  part  of  the 
cast-iron  frame  a.  They  are  generally  set  at  an  angle  of  GO""  with  the 
road,  and  are  held  firmly  in  position  by  means  of  screws  k.  The  road 
wheels  for  supporting  the  box-frame  a  are  carried  by  an  axle  m,  which 
can  be  adjusted  transversely,  so  as  to  permit  of  the  wheel  being  placed  in 
the  recess  ti,  by  which  means  the  machine  can  be  worked  close  up  to  the 
kerb-stones  or  edge  of  footpaths  when  necessary.  This  scarifying  machine 
is  capable  of  penetrating  hard  macadam  to  a  depth  varying  from  1^  inch  to 
5  inches.  The  work  is  commenced  at  the  crown  of  the  road,  and  gradually 
continued  towards  the  side ;  when  the  other  portion  is  commenced  the  engine 
hauling  the  scarifier  is  turned  round  or  reversed  if  necessary.  The  width  of 
the  cut  or  extent  of  surface  loosened  each  turn  is  about  18  inches.  This 
machine  being  on  the  trailing  principle,  cannot  be  pushed  backwards ;  the 
engine,  therefore,  has  to  be  disconnected  from  the  scarifier  when  the  length 
of  road  operated  on  has  been  traversed.  To  avoid  the  necessity  of  turning 
the  engine  completely  round,  a  draw-gear  arrangement  is  fixed  on  the  front 
of  the  engine,  by  which  the  scarifier  is  drawn  when  making  the  return  cut. 
It  will  be  obvious  that  even  with  this  arrangement  a  considerable  loss  of 
time  is  involved  when  operating  on  a  short  length  of  road.  The  time  occupied 
in  changing  the  position  of  the  engine  will  depend  greatly  on  the  aptitude  of 
the  driver,  but  generally  it  may  be  taken  at  25  per  cent,  of  the  actual  working 
time  engaged  on  a  piece  of  road  of  about  three  hundred  yards  in  length. 
The  latest  arrangement  in  connection  with  working  this  scarifier  is  to  harness 
it  to  an  engine  in  front  of  the  driving  wheel  and  alongside  of  the  steering 
wheels.  It  is  held  in  position,  as  far  as  it  possibly  can  be  so  under  the 
circumstances,  by  means  of  chains  attached  to  the  side  of  the  fork,  the 
spindle  for  carrying  the  hind  wheel  scrapers,  and  a  bar  of  iron  fixed  at  rear 
of  the  tender.  By  this  means  the  scarifier  can  he  hauled  in  either  direction 
without  reversing  or  turning  the  engine.  The  great  width  occupied  by  this 
combination  is,  however,  rather  a  serious  matter  on  narrow  roads.  This 
machine,  which  weighs  2  tons,  performs  its  work  very  effectively,  and  there 
is  little  ridging  of  the  macadam  when  the  teeth  are  working  at  an  average 
depth ;  the  latest  make  of  this  machine  has  four  tines,  which  are  capable  of 
loosening  a  width  of  21  inches;  the  cost  of  this  scarifier  is  £100  delivered. 

278.  Voysey  &  Hosack's  Scarifier. — ^This  machine  consists  of  a  double 
cast-iron  frame,  the  inner  or  tool  frame  working  within  the  external  one. 
The  front  part  of  the  external  frame  is  attached  to  the  tender  of  the  engine 
by  means  of  a  pivot  shaft,  while  at  the  rear  or  hind  part  it  is  carried  by 
small  road  wheels. 

The  road  surface  is  scarified  by  means  of  an  arrangement  consisting  of  a 
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reyolving  barrel,  in  the  periphery  of  which  are  sockets  for  holding  the  tools 
or  teeth,  which  teeth  are  inserted  and  secured  rigidly  in  position  by  screwing 
the  discs  forming  the  tool  barrel  tightly  together  by  means  of  a  through 
bolt  and  nut. 

The  rotary  motion  is  obtained  by  a  series  of  endless  pitch  chains  extend- 
ing from  a  chain  wheel  attached  to  the  counter-shaft  outside  the  fly-wheel  of 
the  engine  to  the  shaft  wheel  at  the  front  end  of  machine,  which  operates 
the  axle  carrying  the  tool  barrel  and  fixed  between  the  cast-iron  frame. 
The  tool-barrel  frame  can  be  made  to  traverse  the  external  frame  so  as  to 
enable  the  machine  to  work  close  to  the  side  of  the  channels. 

The  depth  to  which  it  is  intended  to  lift  or  scarify  the  macadam  is 
regulated  by  means  of  a  screw  and  handle.  The  barrel  containing  the  teeth 
or  tools  revolves  in  a  direction  contrary  to  that  in  which  the  wheels  of  the 
engine  travel.  This  machine  can  be  worked  in  either  direction  without 
uncoupling  the  scarifier  from  the  engine,  the  motion  of  which  is  alternately 
a  pull  and  a  push.  The  teeth  in  the  tool  barrel  are  arranged  in  spiral  lines 
around  it,  the  number  inserted  depending  on  the  hauling  capacity  of  the 
engine  to  which  the  machine  is  attached  and  the  hardness  of  the  road 
surface  which  is  being  scarified. 

The  machine  is  well  balanced,  and  throws  but  little  weight  on  the  engine 
operating  it.  It  can  scarify  at  the  rate  of  300  square  yards  per  hour,  even 
when  the  passing  traffic  causes  considerable  delay.  The  action  of  the 
scarifying  teeth  or  tools  is  such  that  stones  are  occasionally  strewn  about. 

274.  Jackson's  Scarifier. — This  machine  weighs  3^  tons,  and  is  some- 
what similar  in  appearance  and  construction  to  Butty's  scarifier,  the  principal 
difference  being  that  the  road  wheels  at  either  end  act  as  steering-wheels  also, 
instead  of  being  used  in  connection  with  the  depth-regulating  arrangement 
Experience,  however,  shows  that  such  an  arrangement,  so  far  as  the  steering 
is  concerned,  is  not  a  necessity  in  this  class  of  road-repairing  machinery. 

A  lever  on  the  top  of  the  machine  enables  the  scarifying  teeth  to  be 
quickly  lifted  clear  of  the  road  surface  when  manhole  covers  or  other  such 
fixtures  are  met  with.  The  scarifier  can  break  up  300  square  yards  of 
macadam  road  in  an  hour,  when  the  surface  has  been  previously  well  watered. 
The  cost  of  working  this  scarifier,  including  hire  of  engine,  repairs  to  machine 
and  tools,  is  stated  to  be  -j^  of  a  penny  per  square  yard. 

275.  Wallis's  Boad-pecking  Madbine. — This  scarifier  in  its  improved 
form  is  attached  to  the  rear  end  of  the  tender  of  a  road-roller  by  means  of 
brackets  and  spindle  or  hinge,  which  admits  of  a  rise-and-fall  movement 
being  given  to  the  machine,  and  a  certain  amount  of  lateral  play  is  pro- 
vided in  the  arrangement  of  the  drawbar.  The  machine  proper  is  carried 
by  two  road  wheels.  The  pecks,  three  in  number,  act  when  at  work  in 
a  similar  manner  to  the  cutting  tool  of  a  rock  drill.  These  pecks  are 
operated  by  a  three-throw  crank  worked  by  a  three-cylindered  engine,  the 
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motive  power  being  supplied  from  the  road-roller  boiler  by  means  of  steam 
pipes  and  flexible  tubing.  In  addition  to  the  three-throw  crank  the 
machine  is  provided  with  a  fly-wheel,  stop-valve,  and  governor  to  regulate 
the  speed  of  the  machine  when  working.  The  raising  or  lowering  of  the 
machine  is  accomplished  by  means  of  rack-and-pinion  gearing,  the  regulating 
of  the  depth  of  cut  being  quickly  manipulated  by  a  handle  attached  to  a 
pinion,  which  can  be  locked  by  means  of  a  lever.  The  action  of  the  pecks 
causes  the  stones  to  be  violently  thrown  about,  so  that  to  avoid  damage 
arising  from  this  cause  it  is  necessary  to  enclose  the  lower  part  of  the 
machine. 

It  is  stated  that  this  scarifying  machine  can  loosen  between  300  and 
400  square  yards  of  macadam  in  an  hour,  the  condition  of  the  surface  of  the 
road,  wet  or  dry,  making  no  difference  in  the  amount  of  work  done.* 

276.  Henderson's  Machine  for  Breaking  np  Macadam.— Tliis  form  of 
scarifying  machine,  the  invention  of  a  practical  road  engineer,  consists  of  a 
strongly-built  iron  frame  triangular  in  plan.  Two  road  wheels  at  the  rear 
end  and  one  at  the  front  end  of  the  apex  carry  the  framework,  which  has 
an  arrangement  fixed  in  front  for  attaching  it  to  a  special  drawbar  on  the 
tender  of  the  road-roller.  The  perforating  teeth  or  drills,  nine  in  number, 
have  a  rotary  motion ;  for  this  purpose  each  chuck-end  or  socket  of  the  tool 
holder  is  fitted  with  a  bevel  wheel  carried  in  proper  bearings  in  a  cross 
girder.  These  bevel  wheels  actuate  a  similar  number  of  bevel  wheels  or 
mitre  gears  keyed  on  to  a  horizontal  shaft  revolving  in  suitable  bearings 
fixed  at  each  side  of  frame.  The  shaft  is  driven  by  toothed  wheels,  and  a 
pulley  on  the  shaft  of  the  upper  one  connects  with  and  receives  motion 
through  the  driving-belt  working  on  the  fly-wheel  of  the  road-roller ;  the 
mechanism  can  also  be  driven  by  shafting. 

The  depth  to  which  the  drills  work  is  regulated  by  two  men  by  means 
of  side  screws,  which  can  be  adjusted  so  as  to  suit  the  contour  of  the  road 
at  the  haunches  or  channels.  This  machine  weighs  2}  tons,  and  nine 
drills  are  in  operation  when  the  scarifier  or  road-breaker  is  working  at 
its  full  capacity,  covering  a  width  of  6  feet  The  number  of  drills, 
generally  three  or  four,  made  use  of  at  one  time,  however,  depends  on 
the  power  of  the  engine  employed  to  operate  the  machine  and  the  hardness 
of  the  surface  of  the  road,  while  the  work  is  greatly  facilitated  by  thoroughly 
watering  the  macadam  previous  to  commencing  scarifying  operations. 

This  machine  can  only  work  in  one  direction ;  the  road-roller,  however, 
need  not  be  uncoupled,  as  the  engine  simply  pushes  the  scarifier  backwards 
into  the  position  for  commencing  another  cut.  It  is  stated  that,  when  all 
the  drills  are  in  operation,  it  can  break  up  a  mile  of  ordinary  road  composed 

*  Paper  on  "Machinery  as  adapted  to  the  Breaking  up  of  Macadam,"  read  at  a 
meeting  of  the  Incorporated  Association  of  Municipal  and  County  Engineers  at  Reading 
bj  A.  O.  Collins,  M.InstC.K 
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of  flint  macadam  in  one  day  or  an  average  of  600  square  yaids  per  hour 
when  an  engine  sufliciently  powerful  is  employed,  the  cost  working  oat  at 
about  ^d.  per  square  yard.  A  10- ton  roller  is  not  sufficiently  powerful  to 
work  this  machine  when  all  the  drills  are  made  use  of,  so  that  it  is  usual 
to  employ  four  drills  in  granite  and  six  drills  in  flint  macadam  roads. 

277.  Fowler's  Machine  (Evershed's  Patent). — This  machine  is  on  the 
principle  adopted  in  land  cultivation  by  steam.  The  frame  is  mounted  on 
road  wheels,  and  has  depth-regulating  and  stoaring  gear ;  the  cutting  tools 
are  triangular  in  shape,  and  are  retained  in  the  sockets  by  locking  screws. 
The  number  of  teeth  may  be  varied  according  to  the  condition  of  the  road, 
the  width  scarified  at  one  operation  being  3  feet  when  the  full  complement 
of  teeth  are  used.  The  wire  rope,  one  end  of  which  is  attached  to  the 
engine,  passes  round  a  horizontal  pulley  of  large  diameter  placed  on  the 
top  of  the  machine,  the  other  end  being  attached  to  a  claw  anchor  fixed  at 
the  side  of  the  road.  A  length  of  40  lineal  yards  can  be  scarified  at  one 
time ;  then  it  is  compulsory  to  stop  the  work  and  refix  the  anchor  before 
commencing  another  stretch  of  similar  length. 

278.  Morrison's  Scarifier. — This  machine  is  manufactured  by  Messrs. 
Aveling  &  Porter,  Rochester,  and  is  fitted  to  their  road-rollers  and  traction 
engines.  The  principal  features  of  this  scarifier  are  handiness,  utUity,  and 
economy  in  the  working  expenses,  llie  di£ferent  parts  of  this  machine  are 
shown  in  figs.  118  and  119,  the  former  illustration  being  a  side  elevation  of 
the  scarifier,  attached  by  plates  to  the  rear  or  tender  end  of  a  road-roller, 
and  placed  immediately  behind  the  off-side  driving  wheel. 

The  fixed  frame  a,  containing  the  mechanism,  is  made  up  of  channel  irons, 
angle  irons,  and  plates  riveted  together ;  it  measures  33  inches  by  28  inches 
by  12  inches,  and  is  fixed  to  the  rear  of  the  tender  by  means  of  two  steel 
plates,  b  and  c,  which  latter  extends  to  and  is  embraced  by  the  horn  plate 
close  to  the  firebox,  the  lower  end  being  stayed  to  the  cross-bar  at  the  rear 
end  of  the  tender  as  shown.  The  outside  part  is  braced  by  means  of  a  heavy 
channel-iron  connecting  piece  rf,  which  is  bolted  to  the  lower  end  of  the 
fixed  frame  a,  and  connected  to  the  main  axle  of  the  driving  wheel  by  means 
of  a  cap  bolted  on  to  the  boss  of  the  nave  e;  it  is  further  secured  in  position 
by  an  angle-iron  brace  /,  bolted  to  the  connecting  bar  d  and  the  top  of  the 
frame  a.  This  constitutes  the  shell,  or  frame,  in  which  the  mechanism  of 
the  scarifier  proper  works,  and  it  is  evident  that  the  whole  apparatus  is 
securely  held  in  position  by  the  arrangement  described. 

The  inner  framework  comprises  the  steel  rocking  block  g,  working  on  a 
shaft  which  carries  the  double  set  of  scarifying  tools,  or  tines,  h,  secured  in 
sockets  by  wedge  keys.  A  set  of  tines,  three  in  number,  is  placed  on  each 
side  of  the  rocking  block  or  '  tool  box,'  so  that  they  are  alternately  brought 
into  action  when  going  backward  or  forward. 

The  tool-holder  is  rocked  over  by  a  lever  t,  working  in  a  curved  slotted 
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bar/  fixed  to  the  inside  frame,  and  locked  in  position  by  means  of  a  Bcrew 
it,  A  saddle  or  atop  block  I,  at  the  lower  end  of  the  inside  frame  a,  admits 
of  the  tool-block  being  firmly  held  in  position  either  when  the  rocking  lever 


is  locked  while  scarifying  in  a  forward  direction  or  when  the  change  oi 
motion  is  reversed.     It  will  be  seen  that  while  the  lever  is  in  its  proper 


MorriBou'B  scuifiar,  end  elevation. 


position  for  scarifying,  the  rooking  block  fita  closely  on  the  saddle,  securing 
it  in  a  rigid  manner,  and  also  retaining  the  tools  or  tines  at  the  proper  angle 
when  in  operation.    The  thron([h  or  stop-block  bolt  m  prevents  the  saddle 
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being  lowered  too  far,  and  at  the  same  time  acts  as  a  distance  piece,  keeping 
the  shell  or  outer  frame  in  its  proper  position.  The  means  for  raising  or 
lowering  the  rocking  block  or  tool-holder  is  provided  for  at  the  top  of  the 
frame,  and  consists  of  a  rack  and  pinion  n,  operated  through  a  quick-acting 
worm-wheel  and  worm,  which  is  controlled  by  the  depth-r^ulating  hand- 
wheel  0. 

A  cast  steel  bridge,  p^  is  fixed  on  either  side  on  the  top  of  the  frame 
through  which  tension  rods  q  pass,  secured  at  the  top  by  nuts,  and  placed 
in  a  vertical  recess  in  the  inside  frame  reaching  to  the  rocking-block  shaft. 
Around  these  bolts  is  a  strong  spiral  spring  which  minimizes,  when  work- 
ings any  sudden  shocks  or  vibration  that  may  be  transmitted  to  the  engine. 

The  inner  frame,  made  of  cast  steel,  and  comprising  the  saddle  rocking 
block,  lever,  and  rack  arrangement,  is  held  in  position  by  the  channel  irons 
at  each  side  forming  the  outer  frame,  and  which  also  act  as  guides  when  the 
scarifier  proper  is  being  raised  or  lowered  during  the  progress  of  the  wort 
This  machine  works  in  either  direction  by  an  alternate  puU-and-push  move- 
ment, and  its  merits  may  be  briefly  stated  as  follows. 

Being  permanently  attached  to  the  road-roller  in  a  convenient  manner  it 
is  always  available  for  use,  and  can  be  utilized  in  executing  small  repairs,  or 
patching,  as  well  as  for  continuous  work.  It  can  be  operated  equally  well 
in  either  direction,  and  may  be  run  close  up  to  the  side  of  channels,  kerbs, 
or  sod  borders  without  the  roller  wheels  passing  over  them.  It  is  simple  in 
construction,  there  being  no  complicated  gearing  to  get  out  of  order.  It  is  a 
very  effective  machine,  and  performs  its  work  thoroughly,  expeditiously,  and 
economically,  the  weight  of  the  machine  being  only  1 1  cwts.  The  amount 
of  work  which  can  be  accomplished  by  the  aid  of  this  machine  and  the  cost 
of  operating  it  will  be  given  in  detail  later  on  in  this  chapter. 

279.  Rutty's  1896  scarifier  was  designed  for  carrying  out  light  repairs, 
such  as  patching  the  centre  of  a  road,  for  which  purpose  it  is  very  well 
adapted.  Being  fixed  immediately  behind  the  tender  of  the  engine  or  roller 
it  cannot  be  brought  into  operation  close  to  the  side  channels  of  a  road  or 
carriage-way,  consequently  it  can  only  be  utilized  to  a  limited  extent. 

280.  Burrell  &  Butty's  Boad-breaking  Machine. — This  patent  scarifier 
is  intended  to  be  permanently  attached  to  the  driving  wheel  of  a  road-roller 
or  traction  engine.  The  design  is  so  arranged  that  when  the  scarifying 
tools  are  in  operation,  the  engine  always  exerts  a  pulling  movement,  when 
travelling  in  either  direction  (which  is  a  distinctive  feature),  instead  of  an 
alternate  puU-and-push  motion  characteristic  of  scarifiers  of  the  perma- 
nently fixed  type.  By  this  arrangement  the  necessity  of  the  roller  wheel 
passing  over  the  newly  scarified  surface  when  working  backwards  is  avoided. 
The  machine  consists  of  a  triangular  frame,  rocking  on  the  main  axle  of 
the  engine.  The  rocking  of  the  frame  and  the  regulation  of  the  depth  to 
which  the  tines  penetrate  the  macadam  are  controlled  by  suitable  devices^ 
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either  by  hand,  by  steam,  or  by  an  hydraulic  arrangement  from  the  foot* 
plate. 

281.  Fowler's  (Fowler  &  Benstead)  Scarifier. — This  machine  consists 
of  a  light  triangular  frame  fixed  on  the  main  axle  of  the  o£f-8ide  driving 
wheel  of  a  roller  or  traction  engine.  At  the  extreme  points  of  the  frame 
the  tines  or  tools  are  fixed,  the  depth  to  which  they  penetrate  being  regulated 
by  a  screw.  There  are  pivoted  extensions  at  either  end  of  the  frame, 
carrying  rollers  or  wheels  which  regulate,  at  either  end  alternately,  the 
approximate  position  of  the  scarifier,  and  also  for  carrying  auxiliary  tines  or 
spikes  for  loosening  the  macadam ;  strong  cushioning  springs  are  provided 
for  the  screw-regulating  arrangement  and  on  the  extension  pieces,  admitting 
of  a  slight  movement  of  the  small  wheels  when  in  a  vertical  position. 

282.  Marshall's  Scarifier. — ^This  machine  consists  of  a  framework  fixed 
at  the  rear  of  the  engine,  and  extending  the  full  width  of  the  driving  wheels. 
The  guides  are  fixed  on  this  framework  or  bed  plate,  which  admit  of  a 
saddle-piece  or  bracket  being  moved  by  means  of  a  handle  and  screw  in 
a  horizontal  plane  or  in  a  transverse  direction.  The  saddle-pieces  have 
spindles  or  trunnions  at  their  lower  end,  which  carry  the  swinging-frame 
containing  the  tines  or  tools,  and  which  are  capable  of  being  rotated  to  a 
certain  extent  or  of  being  held  in  position  by  fixed  studs,  depending  on  the 
direction  in  which  the  engine  is  travelling. 

The  swinging-frame  can  be  locked  in  any  desired  position  by  means  of  a 
boh  working  through  a  slot ;  the  depth  to  be  scarified  being  regulated  by  a 
handle  and  wheel  working  a  worm  and  toothed  quadrant. 

As  may  be  gathered  from  the  foregoing  description,  the  swinging-frame 
carrying  the  scarifying  tools  can  be  adjusted  transversely  to  any  position  in 
the  Width  of  the  engine. 

288.  Bomford's  Scarifier. — The  characteristic  feature  of  this  scarifier, 
which  is  shown  in  fig.  120,  is  the  introduction  of  strong  spiral  springs  to 
obviate  (as  is  claimed)  any  damage  being  done  to  the  engine  through  vibra* 
tion.  The  whole  pull,  when  working  the  scarifier,  is  taken  by  the  spring 
drawbar  fixed  on  the  off  hind  roller  axle.  There  is  a  small  regulating  wheel 
on  the  main  shaft  of  the  scarifier,  intended  to  assist  in  following  the  undula- 
tions, and  to  break  up  the  higher  parts  of  a  road  surface  deeper  than  the 
hollows.  It  is  constructed  on  the  principle  of  a  fixed  or  rigid  machine,  but 
has  not  the  advantages  of  such,  owing  to  the  springs,  which  yield  consider- 
ably when  a  hard  piece  of  macadam  is  encountered.  The  working  of  the 
machine  is  under  the  entire  control  of  the  driver  on  the  foot-plate  by  means 
of  suitable  levera  By  such  an  arrangement  it  would  appear  that  a  consider- 
able amount  in  working  expenses  could  be  saved ;  but  when  it  is  understood 
that  this  machine  can  only  work  in  one  direction,  the  saving  gained  by  only 
one  man  working  the  engine  and  scarifier  is  lost  on  account  of  the  machine 
having  to  travel  back  without  doing  any  work,  or  by  reason  of  its  having  to 

^7 


258  ROAD   MAKING   AND   MAINTENANCE. 

be  turned  round  to  make  a  return  cut  The  cost  of  this  machine  is  £70, 
and  it  can  be  fitted  to  any  class  of  engine.  This  patented  arrangement  is 
now  the  property  of  Messrs.  Eddison  &  De  Mattos^  Dorchester. 

284.  Hosack's  Scarifier. — This  machine,  made  by  Messrs.  Burrell  & 
Sons,  is  very  similar  to  the  scarifier  (already  mentioned)  patented  by  Butty 
ic  Burrell  in  1897.  It  consists  of  a  heavy  triangular  frame  or  bracket 
pivoted  on  the  driving  axle  of  the  off-wheel.  The  sets  of  tines  or  tools  are 
fitted  at  each  end  of  the  frame.  The  machine  can  be  worked  in  either 
direction,  the  force  exerted  being  always  a  pull.  No  matter  in  which 
direction  the  engine  travels,  it  performs  the  scarifying  in  such  a  manner 
that  the  surface  already  lifted  is  not  compressed  again  by  the  engine  wheels 
in  making  a  fresh  cut  immediately  adjoining  the  loosened  portion.  In  this 
particular  Hosack's  scarifier  is  a  perfect  machine.  The  depth-regulating 
arrangements  are,  however,  somewhat  complicated,  the  method  of  operating 
this  part  of  the  mechanism  being  as  follows : — A  lever  attached  to  the  end 
of  the  rocking-frame  in  front  of  the  driving  wheel  of  the  engine  is  connected 
with  a  toothed  quadrant  fixed  on  the  boiler  barrel,  and  is  operated  by  a 
worm  and  wheel.  The  leverage  is  considerable,  and  liable  to  impart  a  large 
amount  of  strain  on  the  working  parts.  A  connecting  rod  with  another 
wheel  at  the  rear  end  of  the  engine  works  the  depth-regulating  apparatus 
when  the  machine  is  being  moved  in  a  forward  direction.  These  regulating 
wheels  are  placed  so  far  away  from  the  outside  line  of  the  machine  that 
the  man  operating  it  cannot  properly  see  the  surface  of  the  road  which  is 
being  scarified. 

This  does  not  materially  affect  the  actual  depth  penetrated  by  the  tines, 
as  the  driving  wheel,  owing  to  the  position  occupied  by  the  teeth  following 
close  to  them,  acts  in  a  measure  as  a  guide.  In  working,  however,  where 
numerous  manhole  covers,  tobies,  and  such  obstructions  exist,  the  difficulties 
in  operating  it  are  greatly  increased. 

This  machine  weighs  about  50  cwts.,  which  is  rather  a  heavy  additional 
weight  on  one  side  of  the  roller  when  consolidating  metalling;  for  an 
18-inch  wheel  it  is  equal  to  about  2 J  cwts.  per  inch  of  width  of  rolling 
surface.  The  cost  of  this  machine  is  £115,  and  it  is  illustrated  in  fig.  121, 
where  it  is  shown  attached  to  a  road-roller. 

285.  A  considerable  amount  of  crushing  of  the  road-stone  takes 
place  when  the  engine  on  its  return  makes  a  cut  parallel  with  that  already 
accomplished.  This  is  caused  by  the  stones  being  raised  and  spread  by  the 
inner  tine  over  the  edge  of  the  hard  portion  of  the  road,  especially  when 
penetrating  to  a  depth  of  3  to  4  inches.  This  crushing  is  obviated  by  three 
or  four  men  following  the  machine  and  raking  the  material,  deposited  on 
the  solid  road,  over  on  to  the  loosened  portion.  A  much  more  effective,  and 
at  the  same  time  more  economical  method,  is  to  attach  a  trailing  plate  of 
heavy  iron  fixed  at  an  angle  so  as  to  remove  any  stones  deposited  on  the 


^  -  • 


ROAD-ROLLING  AND   SCARIFYING.  259 

nnbroken  portion  of  the  road,  clear  of  the  position  of  the  wheel  when 
making  the  next  cut. 

286.  Hitherto  road-rollers  were  supplied  with  spikes,  which  could  be 
fitted  into  the  rim  of  the  driving  wheels,  for  the  purpose  of  loosening  the 
macadam.  These,  however,  cause  considerable  vibration  and  strain  on  the 
engine^  without  being  efficient  for  the  purpose  intended.  In  America  the 
ordinary  agricultural  plough,  with  a  special  arrangement  of  sockets  or  shoes, 
is  made  use  of  for  scarifying  macadam  roads,  and  for  breaking  up  pave- 
ments, four  to  eight  horses  being  employed  to  operate  it.  The  principal 
makers  of  this  type  of  scarifier  are  the  Syracuse  Chilled  Plough  Company, 
New  York. 

287.  From  the  foregoing  description  of  the  various  types  of  scarifying 
machines  in  use,  it  will  be  seen  that  all  accomplish  a  considerable  amount 
of  work  proportionate  to  the  power  of  the  engine  employed,  so  that  the 
only  ground  for  choosing  one  in  preference  to  another  is  its  handiness  and 
economy  in  working. 

It  is  obvious  that  for  working  purposes  the  preference  should  be  given 
to  the  machine  best  adapted  to  the  rollers  in  actual  use,  as  there  would  be 
no  saving  in  procuring  a  traction  or  road  engine  simply  to  work  the  scarifier. 
For  repairing  or  improving  county  roads,  it  is  evident  that  the  type  of 
machine  operated  by  means  of  a  trailing  movement  occupies  a  considerable 
extent  of  roadway,  and  necessitates  in  some  instances  the  employment  of 
additional  hands  to  work  the  scarifier  and  assist  in  conducting  the  vehicular 
traffic  past  the  machine. 

Another  weak  point  in  connection  with  detached  scarifiers  working  on 
county  roads  is  the  necessity  of  removing  the  apparatus  to  some  convenient 
point,  entirely  clear  of  the  roadway,  when  the  operations  for  the  time  being 
are  finished,  unless  the  road  is  a  very  wide  and  quiet  one.  This  constant 
removal  to  and  fro  may  constitute  a  great  drawback  to  their  use. 

These  remarks,  however,  do  not  apply  to  the  same  extent  in  the  case 
of  suburban  and  town  roads,  as  refuges  in  the  form  of  dep6ts  or  workshops 
belonging  to  the  authorities  are  generally  near  at  hand.  Of  course  these 
adverse  conditions  to  the  employment  of  trailing  scarifiers  are  entirely 
removed  when  the  road  is  given  over  exclusively  to  the  operations  on  hand. 

The  question  is — Which  machine  will  perform  the  work  most  efficiently 
and  economically,  or  what  is  the  class  of  engine  available  consistent  with 
the  conditions  already  stated  1  A  scarifying  machine,  no  matter  of  what 
type,  which  requires  the  surface  of  the  road  to  be  previously  watered  so  as 
to  successfully  operate  it,  entails  an  additional  cost  in  the  working  expenses, 
which  may  be  considerable  if  the  available  source  of  supply  is  at  a  distance. 

A  scarifying  machine  should  be  preferred  which  neither  forms  ridges 
nor  violently  displaces  the  stones  when  workings  as  considerable  incon- 
venience and  possible  danger  is  thereby  incurred.     The  practical  benefits 
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resulting  from  the  employment  of  a  macadam  scarifying  machine  are 
numerous  and  important,  and  as  an  instance  the  following  may  be  men- 
tioned as  occurring  frequently  in  practice.  Many  badly  shaped  roads  on 
which  there  is  a  considerable  amount  of  serviceable  metalling  can  be  broken 
up  by  the  aid  of  a  scarifier  and  re-formed  at  a  trifling  cost,  which  improve- 
ment could  not  possibly  be  economically  undertaken  if  hand  picking  had 
to  be  adopted.  By  re-forming  the  road  surface  after  scarifying,  the  material 
may,  in  many  instances,  be  rolled  without  any  additional  metaUing  being 
applied. 

288.  Hand  Picking  or  Mannal  Labour. — Hand  picking  or  manual 
labour,  besides  being  an  expensive  operation,  demands  the  employment  of  a 
large  number  of  men  to  loosen  the  old  surface  of  the  road  so  as  to  ensure  a 
sufficient  amount  of  work  being  prepared  to  keep  a  road-roller  in  constant 
use.  This  is  not  attainable  in  many  districts,  recourse  being  had,  under 
the  circumstances,  to  repairing  a  road  with  heavy  coatings  of  metal,  when 
re-facing  the  surface  was  perhaps  all  that  was  necessary. 

289.  Cost  of  Scarifying  by  Hand  Labour. — The  cost  of  scarifying  or 
picking  by  manual  labour  varies  considerably,  and  depends  on  the  nature 
of  the  macadam  operated  on,  and  its  condition  at  the  time. 

Soaking  the  crust  of  the  road  with  water  adds  considerably  to  the  ease 
with  which  it  can  be  picked.  The  greasy  and  sodden  state  of  the  detritus 
result*  *  from  this,  however,  entails  a  considerable  amount  of  after-labour ; 
and  if  I  e  old  material  is  to  be  screened,  the  process  of  watering  is  decidedly 
objectionable,  as  it  retards  rather  than  aids  the  operations  as  a  whole. 

Under  the  most  favourable  circumstances,  that  is,  when  the  metalling  of 
the  surface  of  a  road  contains  a  large  proportion  of  soft  material,  the  cost, 
including  repairs  to  tools,  etc.,  may  only  amount  to  l'25d.  per  square  yard, 
while,  if  the  road  surface  is  composed  of  very  hard  and  compact  material, 
the  cost  may  reach  2d.  or  2*26d.  per  square  yard.  This  is  at  the  rate  of 
about  33  square  yards  per  day  in  the  former  case,  and  20  square  yards  in 
the  latter  for  each  man. 

In  attempting  to  scarify  a  road  which  has  been  steam-rolled  by  manual 
labour,  the  increased  cost  for  re-sharpening  and  repairs  to  the  hand  picks  are 
relatively  high,  while  the  area  which  a  man  can  accomplish  in  one  day  may 
be  reduced  to  12  or  15  square  yards;  under  these  circumstances  the  cost  of 
hand  picking  is  from  3d.  to  3'5d.  per  square  yard,  an  amount  which  would 
suffice  for  spreading  a  coat  of  metalling  on  the  road  one  stone  thick,  when 
the  price  delivered  on  the  road  is  6s.  per  ton.  Besides  being  an  expensive 
operation,  the  danger  arising  through  the  stones  being  projected  by  hand 
picking  is  considerable,  and  damage  is  likely  to  result. 

In  the  author's  experience  an  inclusive  price  of  l'75d.  per  square  yard 
for  hand  picking  is  an  average  cost,  on  macadam  composed  of  hard  andesite 
and  basalt,  when  workmen's  wages  are  at  the  rate  of  4^d.  per  hour. 
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290.  Amount  and  Cost  of  Work  accomplished  by  Butty's  Scarifier. — 

The  amount  of  work  which  can  be  performed  by  Kutty's  improved  scarifier 
depends  very  much  on  the  hauling  power  of  the  engine  employed,  the  nature 
of  the  metalling  composing  the  crust  of  the  road,  and  whether  the  surface 
is  very  hard  and  dry  or  in  a  moist  condition.  The  interruptions  from  pass- 
ing traffic  also  form  a  considerable  item  in  the  actual  performance  of  the 
machine.  It  is  stated  that  the  machine  is  capable  of  thoroughly  scarifying 
300  square  yards  of  hard  macadam,  4  inches  deep,  in  an  hour  under  favour- 
able conditions ;  but  150  to  200  square  yards  is  considered  good  work  when 
the  exigencies  of  the  traffic  preclude  continuous  working,  and  an  ordinary 
traction  engine  or  roller  is  employed. 

The  cost  of  scarifying  in  country  districts,  under  favourable  conditions, 
will,  therefore,  allowing  for  hire  of  engine  and  wear  and  tear  of  the  plant 
and  the  sharpening  of  tools,  be  0'12d.  or  one-eighth  of  a  penny  per  square 
yard.  When  the  passing  traffic  is  such  that  considerable  delays  are 
experienced,  then  the  cost  will  be  increased  to  0*62d.,  or  three-fifths  of  a 
penny  per  square  yard.  In  large  towns  where  the  cost  of  labour,  fuel,  and 
the  hire  of  engines  are  considerably  higher  than  obtains  in  rural  districts, 
the  cost  must  necessarily  be  greater,  amounting  to  0'5d.,  and  in  some  cases 
to  Id.  per  square  yard. 

291.  Amount  of  Work  done  by  Morrison's  Scarifier. — The  amount  of 
work  which  can  be  performed  by  one  of  Morrison's  patent  scarifiers  attached 
to  an  Aveling  &  Porter  15-ton  road-roller  (fig.  114),  will  now  be  detailed, 
along  with  the  cost  of  working  it,  based  on  the  author's  experience,  extend- 
ing over  a  period  of  ten  years,  during  which  time  extensive  scarifying  opera- 
tions in  conjunction  with  steam  road-rolling  have  been  carried  out.  The 
scarifier  has  two  sets  of  three  tines  or  tools,  which  are  used  alternately,  so 
that  the  machine  can  work  in  either  direction.  The  tools  or  tines  are  made 
of  square  bar  steel,  with  tapered  points  at  both  ends,  as  already  mentioned, 
and  can  be  regulated  to  penetrate  and  loosen  uniformly  to  a  depth  of  from  2 
to  4^  inches,  which  for  most  purposes  is  considered  sufficiently  deep.  The 
tines  or  teeth  are  spaced  at  6-inch  centres,  being  sufficiently  close  to  effectively 
break  up  the  crust  of  a  road,  while  the  loose  material  is  left  in  a  regular 
manner,  causing  little  or  no  inconvenience  to  passing  traffic.  Scarifying 
machines  which  have  the  teeth  wider  apart  are  apt  to  leave  a  certain  portion 
of  the  road  surface  undisturbed.  In  consequence  of  this  a  series  of  ridges 
and  furrows  is  formed,  which  greatly  inconveniences  the  public  traffic  and 
increases  the  cost  of  the  operation  by  making  it  necessary  to  level  the  old 
metalling  to  a  proper  contour,  while  the  subsequent  rolling  is  never  satis- 
factory under  these  circumstances.  The  width  of  surface  disturbed  or 
loosened  by  Morrison's  machine  is  18  inches  when  the  tools  are  pene- 
trating the  macadam  to  a  depth  of  4  inches ;  with  a  less  depth  the  width  of 
macadam  broken  up  will  be  correspondingly  decreased. 
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If  the  road  is  very  narrow  it  is  possible  that  the  width  of  the  roller  will 
not  admit  of  the  whole  surface  being  broken  up  by  the  machine ;  it  will  then 
be  necessary  to  employ  manual  labour  to  complete  the  operation.  Roads 
having  such  a  narrow  width  are  the  exception. 

It  is  the  usual  practice  to  commence  scarifying  at  the  sides  of  a  road 
and  gradually  work  towards  the  centre,  when  the  roller  has  to  be  turned 
completely  round  in  order  to  proceed  with  the  other  half  of  the  macadam 
surface. 

The  minimum  width  of  a  roadway  which  a  scarifier  of  this  description, 
attached  to  a  15- ton  roller,  can  operate  on  so  as  to  effectively  break  up  the 
whole  of  the  macadam  surface,  is  12  feet.  A  10-ton  roller  fitted  with  one 
of  these  machines  can  easily  scarify  the  whole  surface  of  a  road  10  feet 
in  width. 

Many  circumstances  arise  which  influence  the  amount  of  work  performed 
each  day,  such  as  the  narrowness  of  roads  (as  compared  with  wide  ones), 
steep  gradients,  and  the  work  having  to  be  carried  on  during  wet  weather. 
The  tines  or  scarifying  tools,  in  each  set  of  six  points,  when  properly  dressed 
and  tempered,  will  scarify  on  an  average  786  square  yards,  and  the  cost  for 
sharpening  each  tine  or  tool  (two  points)  amounts  on  an  average  to  3d.  and 
3^d.  each,  or  l^d.  to  l|d.  per  point.  This  is  at  the  rate  of  0*01 3d.  per  square 
yard  of  road  surface  scarified,  or  ^  of  a  penny.  The  following  figures  detail- 
ing the  amount  of  work  done  and  the  cost  of  the  operations  are  based  on 
an  average  depth  scarified  of  3  inches  on  roads  the  metalling  of  which  extends 
to  a  width  of  from  16  to  20  feet  and  upwards,  either  when  there  is  a  con- 
siderable amount  of  wheel  traffic  causing  interruptions  to  the  progress  of 
the  work,  or  when  the  road  is  given  over  entirely  to  the  repairs,  compared 
with  working  on  narrow  roads  under  similar  conditions. 

The  extent  to  which  scarifying  can  be  accomplished  on  a  gradient  is 
necessarily  reduced  considerably  as  compared  with  working  on  a  level  stretch 
of  road.  This  is  especially  the  case  when  the  gradient  exceeds  1  in  20,  as 
the  roller  will  then  be  capable  of  working  the  scarifier  in  one  direction 
only,  namely,  down  the  incline. 

When  the  surface  of  a  road  is  damp  the  work  of  breaking  up  the  sur- 
face is  more  easily  accomplished  so  long  as  it  is  not  so  greasy  as  to  cause 
slipping  of  the  roller  wheels.  When  the  macadam  is  soaked  with  water,  or 
when  the  operations  are  carried  on  during  rain,  it  is  advisable  to  work  the 
machine  in  a  forward  direction  only.  This  avoids  compressing  the  already 
scarified  old  metalling,  by  the  passage  of  the  wheels  of  the  roller  over  it 
when  the  return  cut  is  made  with  the  engine  travelling  backwards.  When 
the  material  is  in  a  comparatively  dry  state,  the  driving  wheels  of  the 
roller  passing  once  over  the  newly  scarified  portion  of  the  road  does  not 
compress  it  to  such  an  extent  as  to  prevent  its  being  easily  lifted  or  raked 
into  proper  shape. 
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On  level  roads  of  average  width,  and  when  the  interruptions  caused  by 
wheel  traffic  are  not  numerous,  this  machine  can  break  up  in  an  efficient 
manner  the  surface  of  a  macadamized  road  at  the  rate  of  400  square  yards 
per  hour.  On  roads  with  moderate  gradients  and  under  similar  conditions 
of  traffic,  the  quantity  of  scarifying  which  can  be  accomplished  in  the  same 
time  amounts  to  350  square  yards. 

On  roads  where  the  gradient  exceeds  1  in  20,  and  up  to  the  limit  at 
which  the  roller  can  steam  safely  tender  first,  and  also  on  level  roads  during 
continuously  wet  weather,  which  may  necessitate  the  machine  being  operated 
in  one  direction  only,  the  amount  of  work  done  will  vary  from  250  to  300 
square  yards  per  hour. 

When  the  gradient  exceeds  this  limit  the  area  which  can  be  scarified  will 
depend  on  the  facilities  which  exist  for  the  speedy  turning  of  the  roller 
completely  round  at  the  commencement  and  end  of  each  cut  when  scarifying 
one  half  of  the  road.  Under  such  circumstances,  and  when  the  interruptions 
are  not  numerous,  the  amount  of  work  which  can  be  accomplished  in  an 
hour  may  be  taken  at  from  200  to  250  square  yards.  These  figures  apply  to 
roads  which  had  been  previously  steam-rolled,  and  are  based  on  the  average 
extent  of  scarifying  performed  under  the  varying  conditions  mentioned. 

Allowing  25  per  cent  for  hilly  roads  and  for  roads  having  a  considerable 
traffic,  the  average  is  300  square  yards  per  hour. 

292.  Cost  of  Working  Morrison's  Scarifier.— In  the  following  table, 
XXXIY.,  the  cost  of  watering  the  surface  is  not  included  in  the  working 
expenses,  as,  for  reasons  already  given,  the  author  does  not  approve  of  this 
method  of  carrying  on  the  work  in  the  majority  of  cases.  The  cost  of  a 
day's  work  of  nine  hours  is  made  up  of  the  following  items : — 


Table  XXXIV. 

Cost  per  day. 
8.   d, 

Engineman, 4    0 

Scarifier  attendant, 8    6 

Attendant, 80 

Goals  for  engine  (steam  navigation),  including  carting,  5  cwts.,  128.  per 

ton,  oil  and  waste  8d 8    8 

Team  work,  water-cart  for  supplying  engine ;  as  it  is  only  required  occa- 
sionally, allow  60  per  cent  on  a  day's  hire  at  8s. 4    0 

Sharpening  scarifier  tools, 2    0 

Depreciation  and  repairs  on  roller  and  scarifying  machine,  ••••86 

28    8 


When  the  source  of  the  water-supply  is  conveniently  situated  the  water- 
cart  is  not  required,  but  when  it  is  situated  at  a  considerable  distance  the 
exclusive  services  of  a  man  and  horse  may  be  necessary.    For  2700  square 
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yards  per  day  this  gives  a  rate  of  O'lOld,,  or  slightly  over  ^  of  a  penny 
per  square  yard  of  surface  scarified. 

The  greatest  area  which  has  been  loosened  by  Morrison's  scarifier 
under  the  author's  directions  was  650  square  yards  per  hour  3  inches  deep, 
at  a  cost  of  ^^  part  of  a  penny  per  square  yard,  on  a  road  which  had  been 
rolled  four  years  previously.  This  is  an  exceptional  performance,  as  the 
work  was  carried  out  on  a  road  where  few  interruptions  occurred.  The  cost 
of  operating  this  machine  in  some  of  the  English  districts  where  these 
machines  have  been  adopted  averages  about  |d.  per  square  yard.  This  is 
slightly  in  excess  of  the  price  stated  above,  but  may  be  accounted  for  by  the 
higher  wages  paid,  the  greater  cost  of  fuel,  and  the  increased  collateral 
expenses.  A  scarifier  attached  to  an  engine  on  the  principle  described  in 
the  foregoing  paragraphs  is  capable  of  performing  a  sufi&cient  amount  of 
work  in  one  hour  to  keep  a  road-roller  at  work  for  five  hours  consolidating 
a  new  coat  of  metalling  spread  over  the  scarified  portion.  In  other  words, 
from  1 J  to  2  hours  occupied  in  scarifying  will  be  sufficient  when  continuous 
coatings  of  metal  are  applied  for  one  day's  rolling. 

293.  This  scarifying  machine  has,  in  contrast  with  the  others  described, 
proved  the  contention  that  fixed  machines  are  in  every  way  the  most 
serviceable  and  economical  which  can  be  employed.  Many  of  the  machines 
described  are  only  used  to  a  limited  extent  at  the  present  time,  especially 
those  on  the  trailing  principle.  The  fixed  scarifiers,  as  was  expected,  are 
favoured  most  by  road  engineers,  and  it  may  be  mentioned  that,  in  support 
of  these  statements,  Morrison's  machines  have  been  extensively  adopted,  eight 
hundred  of  which  are  at  present  in  use. 

294.  Cost  of  Scarifying  by  Hand  and  Machine  Compared. — Scarifying 
by  hand  labour  or  stocking,  even  when  average  workmen  are  employed,  is 
far  inferior  to  a  modern  mechanical  macadam  scarifier  as  regards  economy  in 
time  and  cost.  On  an  average  one  man  will  pick  from  25  to  30  square 
yards,  2^  inches  deep,  in  a  day  of  nine  hours,  at  a  cost  of  IJd.  to  IJd.  per 
square  yard,  which  includes  the  charge  for  sharpening  picks  and  other 
repairs.  A  scarifying  machine  will  do  as  much  work  as  one  hundred  men 
can  do  in  the  same  time.  The  saving  effected  by  using  a  macadam  scarifier 
of  an  approved  form,  including  all  charges,  over  that  performed  by  manual 
labour,  may,  under  ordinary  circumstances,  be  estimated  at  94  per  cent. 


CHAPTER     VIIL 

THB  CONSTRUCTION  OF  NEW  AND  THE  MAINTENANCE  OF 

EXISTING  ROADS. 

295.  In  a  preceding  chapter  full  details  have  been  given,  especially  of  the 
methods  adopted  in  selecting  the  most  suitable  line  in  laying  out  a  new  road 
and  the  manner  in  which  the  construction  is  carried  out,  embracing  the 
earthworks,  drainage;  and  bridges. 

The  methods  employed  in  quarrying  the  material,  reducing  the  rock  to  road 
metal,  and  its  subsequent  consolidation  by  steam  rolling,  have  also  been 
described  in  detail,  the  cost  of  each  operation  being  taken  from  the  results  of 
practical  experience. 

296.  The  method  of  constructing  a  new  road,  by  which  is  meant  the 
part  forming  the  bottoming  and  top  metalling,  and  the  maintenance  of  roads 
generally,  as  practised  at  the  present  time,  will  now  be  described.  To  make 
and  maintain  these  in  an  efficient  manner  requires  careful  investigation  and 
consideration. 

Modem  exigencies  are  such  that  machinery  is  employed  almost 
exclusively  in  the  construction  and  repairing  of  roads,  and  has  to  a 
considerable  extent  superseded  the  principles  and  methods  adopted  in  road 
making  by  the  two  great  pioneers,  Telford  and  Macadam. 

In  the  method  followed  by  Telford,  who  was  called  upon  to  lay  out 
new  roads  and  improve  the  line  and  gradients  of  existing  ones  in  different 
parts  of  the  country,  the  type  of  foundation  adopted  depended  on  the  local 
supply  of  suitable  material.  Telford's  name  is  associated  with  the  system 
of  hand-set  stones  as  a  pavement  foundation  on  which  the  top  metal  or 
wearing  surface  is  placed.  In  the  construction  of  many  new  roads,  and  the 
alteration  of  existing  ones,  where  suitable  material  could  not  be  obtained  for 
a  paved  foundation,  Telford  used  what  could  be  procured  locally,  such  as 
gravel  or  layers  of  chalk  and  gravel. 

297.  Telford's  Specification  of  Boads. — The  following  specification  of  a 

30-foot  pitched  foundation  roadway  was  that  adopted  by  Telford,  and  a 

similar  form  is  occasionally  employed  at  the  present  time  when  making 

new  roads: — 

26s 
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*'  UpoD  the  level  bed  prepared  for  the  road  materials  a  bottom  oonrse  or 
layer  of  stones  is  to  be  set  by  hand  in  form  of  a  close,  firm  pavement ;  the 
stones  set  in  the  middle  of  the  road  are  to  be  7  inches  in  depth  ;  at  9  feet 
from  the  centre  5  inches;  at  12  feet  from  the  centre  4  inches;  and  at  15 
feet  3  inches. 

'*  They  are  to  be  set  on  their  broadest  edges  lengthwise  across  the  road, 
and  the  breadth  of  the  upper  part  of  the  said  pavement  is  to  be  broken  off 
by  the  hammer,  and  all  the  interstices  to  be  filled  with  stone  chips  firmly 
wedged  or  packed  by  hand  with  a  light  hammer,  so  that  when  the  whole 
pavement  is  finished  there  shall  be  a  convexity  of  4  inches  in  the  breadth  (rf 
15  feet  from  the  centre. 

"The  middle  18  feet  of  pavement  is  to  be  coated  vrith  hard  stones  to  a 
depth  of  6  inches.  Four  of  these  6  inches  to  be  first  pat  on  and  worked  in 
by  carriages  and  horses,  rare  being  taken  to  rake  in  the  rdts  until  the  surface 
becomes  firm  and  consolidated,  after  which  the  remaining  2  inches  are  to  be 
put  on. 

"  The  whole  of  the  stone  is  to  be  broken  into  pieces  as  nearly  cubical  as 
possible,  so  that  the  largest  piece  in  its  longest  dimensions  may  pass  throagh 
a  ring  2^  inches  inside  diameter. 

"  The  paved  spaces  on  each  side  of  the  1 8  middle  feet  are  to  be  coated 
with  broken  stones  or  well-cleaned  stony  gravel  up  to  the  footpath  or  other 
boundary  of  the  road  so  as  to  make  the  whole  convexity  of  the  road  6  inches 
from  the  centre  to  the  sides  of  it,  and  the  whole  of  the  materials  are  to  be 
covered  with  a  binding  of  IJ  inch  of  good  gravel  free  from  clay  or  earth."* 

A  cross-section  of  Telford's  roads  as  specified  above  is  shown  in  ^.  122. 

It  has  been  already  observed  that  Telford  did  not  always  make  use  of  a 
pitched  foundation,  but  employed  such  material  as  gravel,  which  was  applied 
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Fio.  122.— Cross-section  of  a  30-foot  road  (Telford's). 

on  parts  of  the  road  between  London  and  Shrewsbury,  while  this  class  of 
bottoming  was  utilized  in  many  of  the  new  roads  constructed  by  him. 

It  was  the  complete  separation  of  the  road  metalling  from  the  subsoil 
that  Telford  aimed  at  in  adopting  a  pitched  foundation,  in  order  to  prevent 
the  useful  wearing  material  coming  into  contact  with  the  natural  soil.  He 
also  recommended,  when  the  drainage  was  difficult  to  effect,  that  gravel, 

•  A  Treatise  on  Roads^  by  Sir  Henry  Pamell. 
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sand,  vegetable  soil,  and  chalk  should  be  used,  but  he  generally  advised  the 
adoption  of  the  former  method  when  suitable  material  could  be  conveniently 
procured. 

298.  Macadam's  System. — Macadam's  system  differed  materially  from 
that  of  Telford,  but  both  Macadam  and  Telford  insisted  on  the  necessity  of 
thorough  drainage  of  the  formation  or  bed  of  the  road  and  subsoil,  which 
had  prior  to  that  time  been  entirely  neglected  in  road  making. 

Macadam  was  satisfied  with  laying  the  metalling  directly  on  the  surface 
of  the  ground,  after  the  irregularities  had  been  levelled  and  side  ditches 
formed ;  or,  in  other  words,  he  preferred  to  build  up  the  road  above  the 
surface  of  the  ground. 

The  method  of  construction  common  previous  to  Macadam's  time,  and 
practised  in  many  instances  during  recent  years,  was  to  cut  a  trench  or 
'  box '  sufficiently  deep  to  retain  the  road  material.  This  arrangement  was 
condemned  by  Macadam  as  detrimental  to  efficient  drainage. 

He  contended  that  the  use  of  metal  broken  to  a  small  cubical  size,  which 
would  unite  by  their  own  angles  into  a  compact  impervious  covering,  ranging 
in  thickness  from  5  to  9  inches,  combined  with  perfect  subsoil  drainage, 
was  sufficient  for  any  class  of  traffic. 

To  Macadam  is  due  the  credit  of  having  been  the  first  to  direct  public 
attention  to  the  great  necessity  of  properly  breaking  the  material  to  a  uniform 
size  and  cubical  form,  ranging  from  1^  to  2  inches,  and  weighing  less  than 
6  oz.  He  was  instrumental  also  in  bringing  the  management  of  the  high- 
ways into  a  regular  system  under  qualified  surveyors. 

The  services  of  Macadam  and  his  staff  of  assistants  were  in  great  demand 
over  a  considerable  part  of  Britain  at  the  beginning  of  the  last  century. 

299.  Advantages  and  Defects  of  Macadam's  and  Telford's  Methods 
of  Oonstmction. — Of  the  two  systems  much  can  be  said,  especially  when 
they  are  severally  applied  to  the  varying  conditions  and  nature  of  the 
different  soils  met  with  in  practice. 

A  paved  foundation,  to  be  of  any  advantage,  requires  to  be  very  carefully 
executed  with  the  best  possible  class  of  materials,  and  even  then  there  may 
be  a  large  number  of  unfilled  spaces  which  is  inseparable  from  this  method 
of  construction.  These  act  as  drains  and  permit  the  water  to  reach  and 
soften  the  natural  soil ;  the  repetition  of  this  process  moves  the  foundation 
and  destroys  the  cohesion  of  the  wearing  part  of  the  road.  Defective 
drainage,  even  of  a  temporary  nature,  will  cause  this ;  the  subsoil  gradually 
working  upwards  is  mixed  with  the  metalling,  while  the  latter  is  pressed 
down  into  the  bottoming  of  the  road.  A  road  formed  entirely  of  broken 
stones  and  consolidated  by  wheel  traffic  does  not  present  any  voids ;  but  as 
the  interstices  are  composed  to  a  large  extent  of  soft  material,  more  especially 
at  the  lower  part  resting  on  the  subsoil,  the  crust  of  the  road  is  liable  to 
suffer  if  situated  on  a  damp  subsoil  of  a  retentive  nature. 
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The  bottoming  of  a  road  is  sometimes  carried  out  in  an  indiscriminate 
manner,  and  the  so-called  '  pitched  pavement '  is  often  made  with  no  better 
material  than  that  obtained  from  old  buildings  in  the  form  of  freestone, 
bricks,  and  lime  rubbish  tipped  on  the  formation  level  of  the  road  in  a 
promiscuous  manner,  and  roughly  graded  to  the  required  contour. 

A  form  of  construction  combining  in  a  measure  a  compromise  between 
the  two  methods  may  be  adopted  with  great  advantage.  A  bottoming  of 
stones  about  one-third  of  the  size  adopted  for  a  pitched  foundation,  and 
consequently  two  or  three  times  larger  than  ordinary  macadam,  spread  to  a 
sufficient  thickness,  then  covered  with  a  coating  of  ordinary  road  metal 
consolidated  separately  by  steam  rolling,  has  been  attended  with  beneficial 
results.  By  adopting  this  method  of  making  roads  the  cost  of  construction 
is  reduced  compared  with  the  expensive  methods  inseparable  from  the 
respective  systems  carried  out  by  Telford  and  Macadam. 

300.  The  great  advance  in  the  use  of  mechanical  appliances  in  road 
construction  and  maintenance  has  made  possible  what  could  not  hitherto 
have  been  accomplished,  not  only  from  a  practical  point  of  view,  but  by 
reason  of  the  greater  efficiency  and  economy  attained. 

Previous  to  entering  into  the  details  of  the  construction  of  roads  it  will 
be  necessary  to  consider  the  nature  of  the  soil  or  bed  on  which  the  proposed 
road  will  rest. 

The  preliminary  work  of  grading  and  forming  the  cuttings  and  em- 
bankments was  described  in  a  previous  chapter  which  treated  of  the  work 
necessary  to  be  accomplished  in  general.  The  nature  of  the  ground  on 
which  the  road  is  to  be  placed  demands  attention,  however,  and  apart  from 
the  under  drainage  therein  treated,  the  several  kinds  of  soil  composing  the 
strata  necessarily  require  different  treatment. 

301.  The  Effects  of  Subsoils  on  the  Methods  of  Oonstraction 
adopted. — In  constructing  a  new  road  over  sand  or  gravel,  which  is  the 
simplest  case  met  with  in  practice,  it  is  quite  unnecessary  to  adopt  a  pitched 
foundation.  On  the  other  hand,  if  the  road  bed  is  a  retentive  clay,  the 
spreading  of  metalling  directly  on  the  soil,  according  to  Macadam's  principle, 
would  be  a  failure. 

In  the  first  case  the  natural  drainage  cannot  be  improved  upon,  and 
consequently  an  expensive  pitched  foundation  can  be  dispensed  with,  while 
the  system  advocated  by  Macadam  would  be  applicable. 

On  a  road  bed  the  soil  of  which  is  of  a  clayey  nature,  subsoil  drainage 
can  only  partially  relieve  the  general  surface  on  which  the  road  materials 
are  to  be  placed.  Under  these  circumstances  it  would  be  inadvisable  to 
set  a  pitched  foundation  directly  on  such  a  surface,  as  in  the  event  of  the 
subsoil  drainage  becoming  temporarily  inoperative,  or  should  the  material 
composing  the  crust  of  the  road  be  disintegrated  by  the  alternate  action 
of  frost   and   thaw   resulting  in    the   metalling  being  made    permeable, 
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the  road  bed  would  become  saturated  with  water  in  rainy  weather.  The 
clay  would  then  gradually  rise  between  the  paved  foundation  stones  by 
reason  of  the  pressure  exerted  by  the  wheel  traffic  pressing  the  metalling 
downwards.  By  such  a  process  considerable  injury  to  the  macadam  of  the 
road  would  result,  while  the  incorporation  of  an  undue  amount  of  soft 
material  in  the  road  coating  must  necessarily,  sooner  or  later,  deteriorate  and 
possibly  destroy  it 

A  road  constructed  on  Macadam's  principle  would  likewise  suffer,  pro- 
bably to  a  greater  extent,  by  being  placed  on  a  clay  bed  under  similar 
conditions.  In  such  circumstances  it  is  advisable  to  apply  a  suitable 
material  to  entirely  separate  the  soil  from  the  road  material.  This  is  readily 
accomplished  by  spreading  a  layer  of  furnace  ashes,  sand,  or  other  material 
of  a  similar  nature  from  3  to  6  inches  thick  over  the  surface.  This  at 
once  forms  a  cushion  to  receive  and  thoroughly  separate  the  road  material 
from  the  soil,  while  at  the  same  time  this  intermediate  layer  admits  of 
perfect  under  drainage.  It  may  be  an  expensive  means  of  efficiently 
carrying  out  the  work  when  suitable  material  cannot  be  procured  locally,  but 
economical  maintenance  can  only  be  looked  for  by  adopting  approved  methods 
of  construction. 

Too  many  roads,  unfortunately,  have  been  constructed  without  such  pre- 
cautions being  taken,  with  results  which  are  not  only  apparent  from  the 
relatively  high  cost  of  maintenance,  but  also  from  the  surface  requiring 
almost  constant  attention  and  repairs,  while  the  necessity  for  scraping  and 
the  removing  of  mud  during  wet  weather  is  greatly  increased. 

It  is  advisable  when  the  road  is  formed  in  rock  cuttings  to  spread  a  layer 
of  sand  or  other  material  of  a  light  nature,  so  as  to  fill  up  the  irregularities 
of  the  surface,  and  that  will  also  form  a  cushion  for  the  road  materials  to 
rest  on.  Should  the  bottoming  or  road-stones  be  placed  on  a  hard  surface, 
as  in  the  case  of  rock,  the  material  is  apt  to  be  pounded  and  destroyed 
during  the  process  of  consolidation. 

The  practice  of  thoroughly  consolidating  the  ground  when  forming 
new  roads  by  means  of  a  light  roller  previous  to  commencing  the  actual 
structure,  has  much  to  recommend  it  This  operation  should  be  carried 
out  in  dry  weather,  and  any  depressions  on  the  surface  that  may  be  caused 
by  the  passage  of  the  roller  should  be  made  good  with  the  same  class  of 
material  as  the  surrounding  soil.  The  process  of  rolling  must  be  repeated 
until  a  uniform  and  solid  bed  is  obtained  which  will  enable  the  surface  of 
the  ground  to  sustain  the  superstructure,  and  the  weights  brought  upon  it 

302.  Method  of  Oonstmction  adopted  at  the  present  tima  —  A 
system  of  bottoming  roads  combining  the  methods  practised  by  Telford  and     C?  >5^ 
Macadam,  has  long  been  adopted  by  engineers  and  surveyors.     It  consists  in 
spreading  the  metalling  on  a  layer  of  3-  or  4-inch  cube  stones  from  6  to  12 
inches  thick.     The  advent  of  the  steam  roller  has  materially  aided  this  form 
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of  constraction,  the  practical  and  economical  benefits  of  which  show  that 
such  a  method  may  be  looked  upon  as  almost  perfect  for  macadamized 
roads. 

The  first  points  to  be  considered  are  the  gradients  and  the  width  of  the 
proposed  road,  and  the  amount  of  contour  or  convexity  necessary  to 
adequately  drain  its  surface. 

303.  Width  of  Boads. — The  width  of  a  new  road  will  be  determined 
by  the  prospective  amount  of  wheel  traffic 

It  is  a  common  practice  to  make  a  road  sufficiently  wide  to  allow  of 
two  or  more  vehicles  passing  each  other  easily  when  travelling  fast.  For 
ordinary  road  traffic  12  feet  of  metalling,  will  be  sufficient,  but  this  may  be 
increased  to  20,  25,  30,  and  35  feet  according  to  circumstances ;  but  in  any 
case  it  must  be  adapted  to  the  probable  amount  of  wheel  traffic. 

An  unnecessarily  wide  road  will  cost  more  in  proportion  to  maintain 
than  one  which  is  of  the  proper  width,  while  the  first  cost  of  construction  is, 
so  far,  practically  thrown  away.  If  a  wide  road  is  not  kept  in  good  order 
it  assumes  a  very  untidy  appearance.  A  narrow  road  with  heavy  traffic 
is,  on  the  other  hand,  generally  very  difficult  and  expensive  to  maintain. 

In  most  cases  roads  are  made  narrow,  because  the  amount  of  money 
available  will  not  suffice  for  making  them  wide ;  but  there  is  no  economy  in 
making  a  road  either  narrower  or  wider  than  is  required  by  the  exigencies  of 
the  locality.  When  the  requirements  necessary  to  accommodate  the  traffic 
of  future  industries  which  may  arise  in  a  district  cannot  be  determined 
with  any  degree  of  certainty,  it  is  advisable  to  make  provision  for  it  in 
forming  the  earthworks.  The  road  proper  may  be  made  to  suit  the  existing 
requirements  of  the  traffic,  so  that  should  necessity  demand  it  the  roadway 
can  be  widened  at  any  future  period. 

The  width  of  existing  roads  necessarily  varies  according  to  the  geo- 
graphical position  which  they  occupy.  An  ordinary  country  road  may,  in 
view  of  its  importance,  be  metalled  to  a  width  of  from  10  to  15  feet,  while  a 
main  road  may  vary  from  15  to  25  feet 

Roads  situated  between  large  towns,  and  those  in  suburban  districte, 
are  usually  25  to  30  feet  wide,  while  city  roads  generally  have  a  width 
of  from  30  to  45  feet.  In  many  instances,  however,  50  to  60  feet  has 
been  adopted  in  laying  out  new  streets  in  the  larger  cities,  while  a  width  of 
100  feet  and  over  is  proposed  for  some  of  the  principal  thoroughfares  in  the 
metropolis  to  relieve  the  congestion  of  vehicular  traffic,  which  has  been 
expanding  to  an  enormous  extent  for  many  years  past. 

The  widths  stated  do  not  include  footpaths,  which  are  usually  provided 
on  one  side  of  the  road,  and  in  many  instances  on  both  sides,  as  in  villages 
and  populous  places. 

The  footpaths  generally  occupy  a  width  of  6  to  7  feet,  so  that  on  county 
main  roads,  exclusive  of  side  verges,  the  total  width  of  roadway  may  be 
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from  21  to  31  feet,  while  in  the  case  of  suburban  roads,  with  footpaths  on 
either  side,  the  entire  width  is  generally  from  37  to  42  feet. 

804.  Contour  of  Boads  and  Minimnm  Gradients. — ^The  cross-section 
which  should  be  given  to  a  road  of  certain  vridth  is  a  matter  of  great 
importance.  It  is  usual  to  construct  a  road  which  is  practically  level 
longitudinally  with  more  convexity  or  a  greater  contour,  than  one  which  has 
a  minimum  gradient  of  1  in  80  to  1  in  100.  The  lattei  inclination  will, 
even  should  the  convexity  of  the  road  be  inconsiderable,  enable  the  surface 
water  to  be  efficiently  drained  to  the  side  channels. 

The  best  form  of  cross-section  to  give,  like  many  other  details  in  connection 
with  road  work,  is  a  matter  about  which  a  great  diversity  of  opinion  exists. 

Macadam  considered  ''that  a  road  should  be  as  flat  as  possible  with 
regard  to  allowing  the  water  to  run  off  it  at  all,  because  a  carriage  ought  to 
stand  upright  in  travelling  as  much  as  possible."  *  The  rise  or  versed  sine 
given  by  Macadam  was  3  inches  on  a  width  of  18  feet,  his  view  being  that, 
if  the  surface  be  well  made  and  smooth,  the  water  would  run  off  freely  with 
such  a  convexity. 

Telford  recommended  the  form  to  be  that  of  a  flat  ellipse,  the  rise  being 
6  inches  on  a  road  30  feet  wide. 

Many  authorities  have  advocated  a  cross-section  composed  of  straight 
lines  falling  towards  the  channels  at  an  inclination  of  1  in  24,  and  joined 
by  a  short  curve  at  the  crown  of  the  road.  By  adopting  this  form  of  cross- 
section  it  is  obvious  that  the  contour  will  soon  be  destroyed  by  the  inclined 
flat  sides  wearing  into  hollows  between  the  crown  of  the  road  and  the 
haunches.  When  the  central  portion  of  a  road  is  worn  flat,  or  there  is  a 
want  of  convexity,  the  surface  rapidly  becomes  destroyed  by  the  wearing 
effects  of  the  traffic  and  defective  drainage  combined.  The  practice  of 
giving  an  excessive  contour  to  roads,  or^  as  it  is  sometimes'  termed,  making 
it  'hogbacked'  or  'barrelled,'  should  be  avoided,  as  it  is  with  difficulty  that 
Tehicles  can  travel  over  them  with  safety  except  at  the  centre.  A  road 
having  an  excessive  rise,  besides  being  dangerous,  either  causes  the  wheel 
traffic  to  be  confined  to  one  track  at  the  crown  of  the  road,  or  when 
travelling  on  the  sides  the  tendency  of  the  wheels  to  slip  or  travel  towards 
the  channels  creates  a  considerable  amount  of  wear  on  the  road  surface. 

It  is  evident,  under  these  circumstances,  that  the  labour  of  horses  is 
greatly  increased,  while  the  wear  to  the  wheels  of  vehicles  is  aggravated. 
The  excessive  contour  which  a  curve  at  the  crown  of  a  road  joined  by  two 
straight  lines  produces  is  shown  in  fig.  123,  which  also  shows  a  flat  ellipse 
for  a  similar  width  of  road. 

The  best  convexity  for  all  practical  purposes  is  a  rise  of  from  ^  to  -^  of 
the  width  of  the  metalling.  The  form  should  be  that  of  a  flat  elliptical 
curve,  which,  besides  admitting  of  the  greatest  amount  of   wear  to  be 

*  Parliamentary  Report  on  the  Highways  of  the  Kingdom^  1819,  p.  22. 
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obtained  from  the  metal  coating,  is  sufficient  to  pass  off  the  surface  water 

freely. 

The  former  rise  gives  a  transverse  gradient  of  1  in  33  nearly,  for  three- 
fourths  of  the  width  of  the  roadway,  and  this  convexity  is  made  use  of  on 
suburban  roads  and  those  maintained  on  the  patchini?  system.  The  latter 
rise,  namely,  jV  ^^  ^^®  width  of  the  metalled  portion  of  the  roadway,  is 
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Fig.  123. — Elliptical,  and  straight  line  and  curve  contour. 

that  invariably  adopted  when  the  metal  coating  is  spread  the  full  width 
and  steam-rolled ;  it  is  a  gradient  nearly  equivalent  to  1  in  25  for  a  con- 
siderable breadth  of  the  central  portion  of  the  road.  This  additional  rise 
is  necessary,  because  after  a  few  years'  wear  the  general  contour  approaches 
that  of  the  former,  or  1  in  33,  and  that  before  the  surface  has  to  be  refaced. 

305.  Details  of  Construction. — When  the  road  bed  has  been  prepared, 
a  layer  of  stones  varying  in  size  from  3-  to  4-inch  cubes,  each  weighing  from 
1^  to  1^  lbs.,  is  spread  over  the  surface  to  the  intended  width,  the  thickness 
being  regulated  according  to  the  class  of  road  and  the  amount  of  traffic  likely 
to  pass  over  it.  The  bottoming  material  may  be  prepared  in  the  quarries 
and  subsequently  conveyed  to  the  works,  or  the  rough  material  is  carted 
direct  to  the  road  under  construction,  which  is  the  method  generally  adopted, 
and  deposited  on  the  formation  bed,  when  it  is  hand-broken  and  formed  to 
the  required  width  and  thickness.  Where  the  material  for  bottoming  is 
broken  in  this  manner  the  cost  will  be  from  6d.  to  8d.  per  ton,  which  includes 
spreading,  but  is  exclusive  of  the  cost  of  quarrying  and  haulage. 

A  depth  of  from  6  to  9  inches  for  roads  in  country  districts  may  be  con- 
sidered sufficient,  the  thickness  being  increased  to  12  inches  for  suburban  and 
town  roads.  The  formation  bed  of  county  roads  is  generally  made  level  trans- 
versely, the  requisite  contour  being  attained  by  increasing  the  thickness  of 
the  bottoming  and  metalling  in  the  centre  of  the  road.  This,  of  course, 
presents  a  road  the  sides  of  which  are  not  equal  in  strength  to  the  central 
portion,  but  as  from  50  to  75  per  cent,  of  the  wheel  traffic  on  this  class  of 
roads  passes  along  the  middle  part,  the  wear  is  there  greatest  and  the  flanks 
or  bermes  are  relatively  strong  in  proportion. 

For  suburban  and  town  roads,  or  for  exceedingly  wide  county  roads,  where 
the  wheel  traffic  spreads  entirely  over  the  surface,  and  is  therefore  equally 
distributed  upon  the  road,  it  is  desirable  to  form  the  foundation  of  a  uniform 
thickness  and  of  equal  strength.  This  is  accomplished  by  making  the 
formation  bed  of  the  road  conform  transversely  to  the  contour  which  the 
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flnufaed  aurface  vill  assume  when  finished.  Figs.  124  and  126  show  ft 
croMS^ection  of  a  country  road  and  that  of  a  subuibao  road  respectively. 
The  bottominit,  whether  for  suburban  or  country  roads,  should  in  every 
case  be  eteam-rolled,  the  interstices  being  filled  with  sand  or  gravel  brushed 
into  the  joints  during  the  final  stages  of  consolidation.  Artificial  watering 
should  not  be  permitted  until  the  rolling  ia  completed,  when  the  work  may 
be  tested  by  sprinkling  water  over  the  surface  to  ascertain  if  the  voids 
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Fio.  121.— Cnas  section  ofa  oountiy  road. 

between  the  stones  forming  the  bottoming  are  thoroughly  filled.  Great  care 
ii  necessary,  however,  when  applying  water  under  these  circnnistances,  a* 
■hould  an  undae  amount  reach  the  bed  of  the  road  and  soften  the  soil, 
depressions  will  be  formed  by  auheequeot  rolling,  which  may  possibly  resnlt 
in  a  permanently  weak  [ilace  being  formed. 

In  the  event  of  dttpressions  being  formed,  resulting  from  the  unequal 
capacity  of  the  soil  for  bearing  tlio  material  composing  the  bottoming,  or  by 
reason  of  water  finding  its  way  to  the  road  bed  or  formation,  it  becomes 
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Klo.  125. — Crosi-Bsction  of  a  mburban  road, 

necesrary  to  add  more  material  of  the  same  nature  and  quality,  in  small 
quantities,  until  the  whole  surface  is  brought  to  a  regnlar  and  uniform 
contour. 

On  this  foundation  or  pavement  a  cushion  layer  of  sharp  clean  sand  or 
fine  gravel  should  be  spread,  from  1^  to  2  inches  in  thickness,  to  receive  the 
top  metalling.  If  this  precaution  is  not  taken,  the  nielal  coating,  eape- 
cially  if  it  be  of  moderate  tbickneKS,  will  be  crushed  by  the  action  of  the 
roller  wheels  pressing  the  stones  on  the  bard  consolidated  bottoming. 

\% 
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The  top  metalling  may  now  be  proceeded  with  and  spread  to  a  thickness, 
according  to  the  requirements  considered  necessary,  but  generally  varying 
from  3  to  6  inches.  If  the  latter  thickness  is  necessary,  it  will  be  advisable 
to  carry  out  the  work  by  spreading  the  material  in  two  layers  and  con- 
solidating the  first  before  applying  the  second  coating. 

In  either  case  the  rolling  should  be  commenced  at  the  water  tables 
or  outside  edge  of  the  metalling,  and  be  gradually  extended  towards  the 
crown  of  the  road.  After  repeated  passages  of  the  roller,  and  when  the 
macadam  has  been  properly  set  or  interlocked,  binding  of  a  sandy  descrip- 
tion may  be  applied  by  shovels,  care  being  taken  to  spread  it  evenly  over 
the  surface  of  the  metal  coating. 

The  rolling  is  continued  meanwhile  with  the  addition  of  an  artificial 
supply  of  water  and  brushing,  until  all  the  interstices  between  the  stones 
are  filled  up. 

Great  care  must  be  exercised  to  prevent  any  unnecessary  watering,  which, 
besides  doing  no  good  to  the  metalling,  might  penetrate  and  do  damage  to 
the  foundation  by  softening  the  natural  soil.  The  surface  is  finished  by 
applying  a  coating  of  screenings  from  the  stone-breaker  one-half  inch  thick, 
the  roller  passing  backwards  and  forwards  until  a  thoroughly  solid  and 
smooth  surface  is  obtained,  any  surplus  binding  being  swept  off  during  the 
final  stages  of  rolling. 

806.  Cost  of  Boiling  Boad  Bottoming. — ^The  cost  of  steam-rolling  from 
6  to  12  inches  of  bottoming  and  filling  the  voids  with  sand,  assuming  the 
latter  has  been  obtained  within  a  reasonable  distance  of  the  work,  may  be 
put  down  at  3d.  or  4d.  per  ton  of  material  consolidated.  The  consolidation 
of  the  top  metalling  in  forming  new  roads  requires  a  considerably  longer 
time  than  does  that  of  a  coating  of  metal  spread  on  an  existing  road.  This 
may,  in  certain  circumstances,  amount  to  Is.  per  ton  of  metalling  con- 
solidated, or  an  average  of  8d.  for  the  combined  operation  of  rolling  the 
bottoming  and  top  metal  when  these  quantities  are  of  about  equal  depth. 

807.  Maintenance  of  Macadamized  Boads. — To  maintain  an  existing 
road  in  good  order  it  is  necessary  to  perform  the  work  either  by  annual 
repairs  or  by  applying  a  wide  and  continuous  coat  of  metalling  and  then 
steam-rolling  it.  Roads  repaired  by  the  latter  method,  depending  on  the 
quantity  of  metalling  applied,  may  wear  for  a  considerable  number  of  years 
with  but  little  attention. 

Wear  on  Boads. — The  wear  of  the  macadam  composing  the  crust 
of  a  road  is  due  to  two  causes,  namely,  the  traffic  and  the  weather.  The 
amount  of  the  former,  and  the  wearing  eflfect  due  to  wet  weather  and  wheel 
traffic,  determine  to  a  great  extent  the  quantity  of  material  necessary  for  the 
efficient  maintenance  of  the  surface  of  a  road.  Frost  has  the  effect  of 
expanding  moisture  in  the  crust  of  a  road  in  proportion  to  the  amount 
of  soft  or  muddy  material  which  it  contains.     Alternating  frost  and  thaw, 
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when  the  road  contains  a  high  proportion  of  detritus  to  hard  material,  hreak 
up  and  in  many  cases  destroy  the  surface  of  roads,  even  when  the  thickness 
of  metalling  is  ample  to  sustain  the  heaviest  vehicular  traffic  in  ordinary 
circumstances. 

Sir  J.  Macneill  estimated  the  wear  due  to  atmospheric  causes  at  20  per 
cent,  of  the  total ;  while  of  the  80  per  cent,  due  to  traffic,  60  per  cent,  was 
caused  by  the  action  of  the  horses'  feet,  and  20  per  cent,  was  due  to  the 
wheels  of  fast  coaches.  In  the  case  of  heavy  or  waggon  traffic,  the  wear 
caused  by  the  feet  of  horses  was  stated  to  be  44^  per  cent.,  and  that  by  the 
wheels  35^  per  cent.  Any  obstruction  on,  or  irregularity  of,  a  road  surface 
increases  the  draught  considerably,  and  the  wear  or  injury  caused  by  the 
action  of  the  horses'  feet  is  augmented  accordingly. 

It  is  obvious  that  on  a  hard  smooth  surface  the  combined  wear  caused  by 
the  action  of  horses'  feet  and  the  wheels  of  vehicles,  especially  in  the  case  of 
heavy  loads,  is  comparatively  less  than  on  a  road  the  surface  of  which  is 
uneven  or  of  a  yielding  nature. 

808.  Bepairs  by  Patching. — In  patching  a  road  the  quantity  of  metal- 
ling which  it  is  necessary  to  apply  each  year  will,  as  already  pointed  out, 
have  to  be  determined  by  the  amount  of  wheel  traffic  passing  over  it,  the 
quality  of  the  macadam  employed,  the  situation,  whether  shaded  or  open, 
and  the  facility  with  which  the  surface  and  subsoil  drainage  can  be 
disposed  of. 

On  practically  level  roads  the  consumption  of  material  for  repairs,  com- 
pared with  a  similar  length  of  road  situated  on  a  gradient  of  I  in  80  or  I  in 
100  and  subjected  to  the  same  amount  of  traffic,  will  require  from  15  to  25 
per  cent,  more  material  to  maintain  the  surface  in  an  equally  good  condition. 
The  annual  wear  in  thickness  of  a  metal  coating  may  vary  from  one-third  of 
an  inch  on  light  trafficked  roads  to  3  or  4  inches  on  roads  subjected  to  heavy 
and  continuous  traffic. 

It  is  difficult  to  measure  the  annual  wear,  as  the  depth  generally  given 
is  that  of  the  material  laid  in  a  loose  state  and  subsequently  consolidated  by 
v/heel  traffic. 

The  quantity  of  material  necessary  for  repairs  is  usually  stated  at  so 
many  cubic  yards  or  tons  per  mile  of  road.  On  roads  over  which  the 
traffic  is  light  the  annual  quantity  of  macadam  necessary  for  repairs  may  not 
exceed  20  cubic  yards  per  mile,  while  for  ordinary  country  main  roads  the 
average  consumption  of  material  may  be  taken  at  40  to  50  cubic  yards  per 
mile,  and  for  roads  situated  between  large  towns  the  annual  amount  of 
metalling  requisite  to  keep  the  surface  in  good  repair  may  amount  to  200  or 
400  cubic  yards  per  mile.  In  the  vicinity  of  large  manufacturing  towns, 
however,  the  quantity  may  rise  to  700  and  even  to  1000  cubic  yards  per 
mile  per  annum. 

Very  interesting  comparisons  could  be  made  of  the  wear  of  toad&  >xsA^\ 
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different  circumBtances  if  accurate  data  could  be  obtained  of  the  amount  of 
material  applied  in  repairs,  and  of  the  traffic  passing  over  a  given  length  in 
a  given  time. 

To  add  still  further  to  the  difficulties  which  beset  this  subject^  the 
nature  of  the  subsoil  and  the  condition  of  the  drainage  have  to  be  taken 
into  consideration,  while  the  quantity  of  the  material  employed  for  repairs 
is  a  factor  which  enters  largely  into  the  question. 

To  exemplify  how  much  depends  on  the  quality  of  the  metalling 
made  use  of  for  repairs,  and,  consequently,  the  number  of  cubic  yards 
applied  on  each  mile  of  road  during  a  season,  the  following  particulars  may 
be  given : — 

Previous  to  steam  road-rolling  being  introduced,  the  different  lengths 
of  roads  under  the  author's  jurisdiction  were  maintained  on  the  patching 
system  with  road-stones  from  various  quarries,  the  material  from  the  nearest 
local  source  being  generally  employed. 

One  of  the  sections  of  road  referred  to,  although  in  very  good  condition, 
was  entailing  a  greater  cost  for  maintenance  per  mile  than  other  portions  of 
the  same  road  under  similar  conditions  as  to  traffic,  gradients,  and  exposure 
to  the  action  of  the  sun's  rays.  The  surface  and  subsoil  drainage  were 
examined,  but  as  they  were  found  to  be  in  good  order  the  cause  of  the  differ- 
once  had  to  be  sought  for  elsewhere.  The  amount  of  scraping  and  cleaning 
was  much  greater  in  proportion  to  that  on  the  adjoining  portions  of  the  road, 
while  the  annual  consumption  of  metalling  was  relatively  much  higher. 
Til  is  clearly  pointed  to  the  quality  of  the  road-stone,  which  was  to  all  appear- 
ance of  a  suitable  nature,  but  did  not  give  equal  wearing  results  under 
traffic.  The  iiiotal  of  which  tliis  particular  section  of  the  road  was  repaired 
cost  48.  per  cubic  yard  deposited  in  dep6ts,  the  quarry  being  situated  witliin 
an  easy  carting  distance. 

Tiie  quarries  yielding  the  material  for  repairing  the  adjoining  sections 
of  the  road  were  situated  at  a  considerable  distance,  but  under  the  circum- 
stances it  was  considered  desirable  to  rearrange  the  source  of  supply  from 
which  tlio  metalling  for  the  portion  of  road  referred  to  should  be  obtained. 

To  supply  stones  from  the  other  quarries  involved  an  additional  cost, 
principally  for  haulage,  the  average  price  being  5s.  6d.  per  cubic  yard. 
The  quantity  of  metalling  applied  each  year  previous  to  this  was  150  cubic 
yards  per  mile,  wliich  meant  at  that  quantity  an  additional  annual  outlay  of 
£11,  58.  for  road  metal  alone. 

It  was  observed,  however,  that  in  the  course  of  two  years  the  condition 
of  the  surface  of  the  road  was  such,  and  the  manual  labour  had  decreased  so 
greatly,  as  to  warrant  the  annual  amount  of  metalling  for  repairs  being 
reduced  by  50  cubic  yards  per  mile  of  road. 

It  is  obvious  that  by  the  judicious  application  of  a  durable  material, 
economy  in  the  cost  of  maintenance  is  ultimately  attained,  while  the  condi- 
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tion  of  a  road  is  improved,  and  the  tractive  eflTort  of  horses  reduced.  The 
actual  cost  of  maintenauce,  including  labour,  in  the  case  mentioned  was, 
by  substituting  a  better  quality  of  macadam,  reduced  by  £5  per  mile,  which 
at  first  sight  does  not  appear  a  great  saving,  but,  assuming  the  principle  to 
be  applicable  to  many  miles  of  roads,  under  similar  conditions  to  those  in 
the  one  pointed  out,  the  annual  expenditure  might,  in  many  instances,  be 
considerably  reduced. 

For  this  reason  and  many  others,  and  with  a  view  to  efficient  labour  and 
attention  to  drainage,  comparisons  should  be  made  of  the  annual  expenditure 
on  dififerent  sections  of  roads  similarly  situated,  so  that  when  excessive 
differences  arise  the  whole  expenditure  may  be  analysed  in  detail,  and  the 
causes  of  the  apparent  discrepancies  ascertained. 

809.  Cost  of  Maintaining  Boads.— The  annual  cost  of  maintenance  per 
mile  of  roads,  like  the  quantity  of  metalling  applied,  is  a  very  variable  figure, 
and  depends  on  the  amount  of  wheel  traffic,  the  quantity  and  quality  of  the 
material  employed  for  repairs,  the  distance  of  the  source  from  which  it  is 
obtained,  the  situation  of  the  roads  being  open  or  otherwise,  and  with 
favourable  gradients  for  efficient  drainage,  and  the  cost  of  labour  in  the 
particular  district  under  consideration. 

A  road  repaired  with  suitable  material  on  a  well-drained  subsoil,  exposed 
to  the  action  of  the  sun  and  air,  and  over  which  there  is  a  moderate 
amount  of  traffic,  may  be  maintained  for  a  trifling  sum  for  each  mile  per 
anniun.  On  main  roads,  however,  where  the  wheel  traffic  is  much  heavier, 
the  annual  cost  for  maintenance  may  vary  from  £20  to  £70  per  mile,  while 
on  suburban  roads  and  those  situated  between  large  cities,  the  cost  per  mile 
may  range  from  the  latter  figure  to  £200  or  £300  per  anniun. 

810.  It  is  stated,  on  the  authority  of  Mr.  Browse,  that  in  1856  the  cost 
of  the  yearly  maintenance  of  the  road  over  Westminster  Bridge  (which, 
since  that  time,  has  been  paved  with  causeway  setts,  and  is  now  laid  with 
wood  blocks)  was  at  the  rate  of  £3300  per  mile,  the  average  wear  of  the 
granite  macadam  being  5}  inches.  Other  figures  give  the  annual  cost  of 
maintaining  macadamized  roads  on  some  of  the  streets  in  London  noted  for 
their  incessant  and  exceedingly  heavy  traffic,  which  have  since  been  paved 
with  setts  or  wood  blocks,  at  2s.  9d.  to  3s.  6d.  per  square  yard.  It  is, 
however,  necessary  to  bear  in  mind  that  the  cost  of  the  metalling 
(Guernsey)  is  14s.  to  18s.  per  ton  delivered  in  London. 

811.  Eelative  Proportion  of  the  Combined  Cost  of  Maintenance. — 
The  relative  proportion  of  the  outlay  on  manual  labour  and  material  to 
the  combined  cost  of  maintenance  will  vary  according  to  the  requirements 
of  road  and  the  price  which  is  paid  for  the  macadam,  the  distance  hauled 
being  an  important  factor  in  the  case. 

On  light-trafficked  roads  the  cost  of  manual  labour  will  be  increased  in 
proportion  as  the  amount  of  material  applied  becomes  less.     In  the  CAa&  ^i 
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these  the  cost  of  manual  labour  ranges  from  40  to  50  per  cent  of  the  com- 
bined expenditure,  while  the  proportion,  when  the  quantity  of  material 
employed  each  year  is  from  100  to  200  cubic  yards  per  mile,  procured  at  an 
average  cost,  may  be  only  25  to  30  per  cent,  of  the  combined  cost. 

In  the  case  of  some  of  the  busy  thoroughfares  in  London,  where  the 
quantity  of  metalling  applied  on  the  roads  each  year  exceeded  500  cubic 
yards,  and  the  annual  expenditure  was  about  £400  per  mile,  the  pro- 
portion of  labour  probably  did  not  exceed  18  per  cent,  of  the  combined 
cost. 

It  may  be  observed  that  on  country  roads  the  average  cost  of  main- 
tenance varies  considerably.  Many  roads  or  sections  of  a  length  of  road  are 
kept  in  good  order  for  £7  per  mile  per  annum,  while  on  roads  over  which  a 
heavy  wheel  traffic  passes  the  yearly  expenditure  for  maintenance  on  short 
lengths  may  cost  £100,  £200,  or  even  £300  per  mile. 

812.  Methods  of  Bepairing  Soads. — The  repairing  of  the  surface  of 
roads  may  be  carried  out  either  by  placing  new  materials  in  thin  coats  and 
small  patches  year  by  year,  known  as  the  '  patching '  system,  or  by  spread- 
ing a  coat  of  metalling  of  varying  thickness,  according  to  requirements,  and 
consolidating  the  material  by  steam-rolling. 

In  the  former  case  the  loss  by  wear  caused  by  the  wheel  traffic  and 
weather  is  replaced  annually.  In  practice  it  is  found  that  the  wear  and 
the  thickness  of  the  material  composing  the  crust  of  a  road  are  very 
irregular,  consequently  it  often  happens  that  under  certain  circumstances 
portions  of  a  road  are  coated  more  frequently  than  others  which  are  more 
favourably  situated. 

The  new  materials  should  be  spread  on  the  parts  of  a  road  which  require 
them,  namely,  in  hollows  or  depressed  and  weak  places,  with  a  view  to 
making  the  most  frequently  traversed  portion  of  the  road  as  far  as  practi- 
cable of  uniform  strength.  The  number  of  years  which  will  elapse  before 
the  whole  wearing  surface  of  a  road  will  be  covered,  assuming  it  to  be  of  a 
nearly  uniform  strength  throughout,  will  depend  chiefly  on  the  amount  of 
vehicular  traffic  passing  over  it,  and  the  quality  of  the  metalling  employed. 
The  number  of  cubic  yards,  therefore,  which  it  is  necessary  to  spread  over 
the  surface  in  patches  on  a  stretch  of  one  mile  of  road  each  year  in  order 
to  keep  it  in  proper  condition,  will  depend  on  the  requirements  in  each 
particular  case. 

818.  The  area  which  one  ton  of  screened  road-stones  will  cover  depends 
on  the  size  to  which  they  are  broken  and  the  specific  gravity  of  the  stone. 
Macadam  broken  to  1-inch  gauge  contains  52  per  cent,  of  solid  to  48  per 
cent,  of  interstitial  vacant  space ;  1^-inch  material,  51  of  solid  and  49  per 
cent,  of  interstitial  space ;  2-inch  stones,  50  per  cent.,  and  2^-inch  metal, 
49}  and  51}  per  cent,  of  solid  and  interstitial  vacant  space  respectively. 

A  cubic  yard  of  screened  road-stones  broken  to  1-inch  gauge  and  spread 


CONSTRUCTION  AND  MAINTENANCE  OP  ROADS.     2  79 

one-8tone  thick  will  cover  about  45  square  yards ;  2-inch  gauge  metal  27 
square  yards,  and  2^  inch  gauge  macadam  24  square  yards. 

In  coating  a  road  which  is  to  be  rolled  the  quantity  applied  may  be 
one  stone  in  depth  only ;  it  is,  however,  invariably  spread  to  a  thickness 
of  from  3  to  4  inches.  When  two  or  three  stones  in  depth  are  applied 
the  covering  area  is  less  in  proportion  to  that  stated,  owing  to  the  material 
being  more  compact  in  a  coating  of  some  inches  in  depth  compared  with  a 
single-stone  layer. 

As  the  haulage  of  the  material  is  usually  paid  for  at  a  ton-mile  rate  the 
cubic  yard  is  seldom  employed  now  in  road- work,  although  a  comparison  cau 
be  easily  arrived  at. 

Specific  gravity  depends  on  the  mineralogical  composition  and  compact- 
ness of  rock,  the  more  basic  varieties  being  the  heavier ;  consequently  a 
small  variation  in  this  direction  makes  a  considerable  difference  in  the 
covering  capacity  of  a  ton  or  cubic  yard  of  road-stones. 

For  instance,  a  road-stone  having  a  specific  gravity  of  2*5  contains 
14*336  cubic  feet  per  ton  of    solid    rock    as    found    by    the    formula 

~— — : — ,  and  from  this  can   be  calculated  the  number  of 

1000  X  specific  gravity 

square  yards  which  a  ton  of  broken  stones  of  any  gauge  will  cover.     In 

the  case  referred  to  it  will  be  found,  assuming  1  inch  as  the  depth  for 

the  purposes  of  calculation,  that  one  ton  will  cover  an  area  of  38*6  square 

yards,  allowing  50}  per  cent,  as  the  average  proportion  of  solid  stone  for  1} 

to  2^inch  gauge  screened  macadam.     Road-stone  having  a  specific  gravity 

of  2*75  will  under  similar  conditions  cover  an  area  of  35*5  square  yards, 

and  macadam  the  specific  gravity  of  which  is  3*00  will  cover  an  area 

amounting  to  only  32*25  square  yarda 

This  represents  a  difference  in  covering  area  of  about  6  square  yards  in 
favour  of  the  lighter  stone  at  1  inch  in  depth ;  or,  with  the  customary  coating 
of  3  to  4  inches,  the  difference  is  2  to  1}  square  yards  more  in  covering 
power  than  the  heavier  road-stone. 

814.  The  most  reliable  road-stones,  however,  have  a  specific  gravity 
greater  than  2*5;  indeed,  many  of  the  best  varieties  range  from  2*75  to 
3*00,  although  there  are  some  notable  exceptions.  The  specific  gravity  of 
a  rock  is  no  indication  of  the  quality  of  a  road-stone,  but  the  heavier  it  is 
the  lees  area  will  it  cover  in  proportion  to  a  lighter  stone. 

Most  of  the  road-stones  used  by  the  author  have  a  specific  gravity  of 
about  3*00;  therefore  32  square  yarda  is  the  figure  adopted  for  2  to 
2^inch  road -stones,  which  represents  the  area  or  surface  covered  at  a 
cidculated  depth  of  1  inch.  The  area  which  one  ton  of  road-stone  will 
cover  can  be  ascertained  by  dividing  this  figure  by  the  depth  of  metalling, 
in  inches,  to  be  applied. 

Screenings  from  a  stone-breaker  of  an  average  size  of  }  to  ^  vns\i  Ni«k^g[i^ 
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at  the  specific  gravity  mentioned,  about  one  ton  to  the  cubic  yard,  while 
the  smaller  size,  or  ^inch,  and  dust  weigh  23j  cwts.  to  each  cubic  yard. 

The  number  of  square  yards  of  surface  which  can  be  covered  when  the 
quantity  of  material  which  is  allocated  to  each  mile  of  road  is  known,  can 
be  ascertained  from  these  figures.  Thus  on  a  road  15  feet  wide,  with  an 
annual  supply  equal  to  175  cubic  yards  of  macadam  per  mile,  each  part  of 
the  road  would  be  coated  once  every  two  years.  Taking  the  quantity  of 
metalling  at  40  cubic  yards  per  mile  per  annum  with  the  same  width  of 
road,  it  would  take  a  period  of  nearly  nine  years  before  the  whole  surface 
could  be  coated.  On  a  roadway  30  feet  wide,  the  whole  surface  would  be 
covered  every  two  years  with  a  quantity  of  350  cubic  yards  per  mile  each 
year,  or  every  four  years  with  an  annual  supply  of  175  cubic  yards  per  mile. 

It  is  evident  that  certain  parts  of  a  road  must  undergo  wear  for  many 
years  without  needing  to  be  coated,  while  it  is  obvious  that  certain  parts  of 
the  road  repaired  by  patching  must  necessarily  be  less  strong  than  other 
portions.  The  road  may  be  able  to  withstand  the  ordinary  traffic,  but  in 
the  event  of  excessive  or  exceptionally  heavy  traffic  coming  upon  it,  combined 
with  bad  weather,  the  crust  of  the  road,  especially  where  the  next  annual 
coating  of  metal  will  in  all  probability  be  spread,  would  sufier  owing  to  its 
weak  state  of  repair.  Heavy  weights  traversing  a  road,  irrespective  of  its 
strength  to  bear  them,  cause  considerable  damage,  and  in  all  probability 
reconstruction  may  be  necessary  in  many  instances. 

815.  In  applying  small  coatings  of  metal,  it  is  usual  to  spread  a  patch 
alternately  on  either  side  of  the  crown  of  the  road,  and,  when  necessary,  on 
the  centre,  leaving  a  sufficiently  clear  space  between  the  coatings  so  as  to 
*  force'  the  vehicular  traffic  to  follow  a  winding  track,  while  the  horses'  feet 
can  avoid  coming  in  contact  with  the  stones.  This  means  of  consolidating 
the  freshly-laid  metalling  is  naturally  avoided  where  possible  by  those  using 
the  roads,  so  that  the  remainder  of  the  road  surface  will  receive  an  undue 
share  of  the  traffic,  with  the  result  that  considerable  wear  is  caused  in  places 
least  able  to  bear  it.  By  exercising  care  in  the  spreading  of  the  metalling, 
which  is  to  be  worked  in  by  the  wheels  of  vehicles,  and  attention  to  the 
patches  during  the  process  of  consolidation,  great  annoyance  and  incon- 
venience to  those  using  the  roads  may  be  avoided ;  while  the  damage  to 
horses  and  vehicles  resulting  from  this  cause  may  be  reduced  considerably. 

The  patches  of  macadam  which  are  to  be  consolidated  by  wheel  traffic 
should  not  exceed  4  to  5  yards  in  length,  and  from  1 J  to  2  yards  in  width. 
In  order  to  ensure  the  gradual  working  in  of  the  metalling  by  the  wheels 
of  vehicles,  it  is  desirable  to  spread  a  quantity  of  the  small  material  round 
the  edges  of  the  metal  patch.  This  will  enable  the  wheels  of  vehicles  to 
work  gradually  from  the  sides  to  the  centre  of  the  patch. 

The  practice  of  stocking  the  surface  or  loosening  the  old  material  with 
picks   where  the   new   macadam  is   to  be  applied  is  seldom  resorted  to. 
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Generally  the  weather  prevailing  (luring  the  winter  months  in  this  country 
presents  but  little  difficulty  to  the  process  of  incorporating  the  new  metalling 
with  the  old  surface  by  ordinary  wheel  traffic,  although  the  time  occupied 
in  consolidating  the  macadam  may  vary  from  two  to  five  months. 

816.  Time  of  Tear  when  Bepairs  should  be  carried  out. — The  precise 
time  at  which  to  commence  applying  the  road  metal  will  depend  upon  the 
climate,  weather,  the  nature  and  strength  of  the  road,  and  the  class  of 
material  employed.  The  autumn  and  early  winter,  provided  the  surface  is 
in  a  slightly  soft  condition,  is  generally  the  season  for  applying  the  bulk  of 
the  macadam.  On  many  roads  fully  75  per  cent  of  the  material  is  spread 
at  the  first  operation,  while  on  some  roads,  especially  those  over  which  there 
is  a  heavy  traffic,  only  about  60  per  cent,  of  the  total  quantity  is  applied  in 
the  first  instance.  In  the  latter  case,  and  after  the  first  coat  of  metalling  is 
well  set^  a  further  quantity,  amounting  to  about  26  per  cent.,  is  applied 
generally  in  the  month  of  January,  the  remaining  25  per  cent  of  the 
total  quantity  of  macadam,  which  is  usually  of  a  small  size,  being  spread 
in  either  case  about  the  middle  of  February  or  beginning  of  March ;  this 
is  known  as  '  spring  patching.' 

Should  the  rainfall  during  this  time  of  the  year  be  under  the  average,  or 
otherwise  dry,  the  vexed  question  of  using  a  binding  material  will  present 
itself. 

Under  normal  conditions  of  rainfall,  the  amount  of  material  for  repairs 
necessary  to  be  applied  so  as  to  keep  a  road  in  good  condition  will,  apart 
from  the  amount  of  wheel  traffic,  be  greatly  affected  by  the  weather. 
When  the  quantity  of  macadam  used  per  mile  of  road  per  annum  is  deter- 
mined in  relation  to  the  position  the  road  occupies,  the  amount  of  wheel 
traffic  which  in  ordinary  circumstances  traverses  it,  and  the  average  rainfall, 
there  should  be  little  difficulty,  by  judicious  management,  in  having 
all  the  coatings  thoroughly  set  by  the  beginning  of  April  each  year. 
During  a  dry  season,  however,  although  the  surface  of  the  road  was  in 
suitable  order  when  the  metalling  was  applied,  a  binding  of  some  kind  is 
necessary  to  retain  the  stones  in  position,  if  not  also  to  aid  the  consolidation 
of  the  coatings.  Binding,  or  rather  '  blinding,'  should  not  be  spread  over 
macadam  lying  in  a  loose  open  state,  otherwise  the  surface  will  become 
rough,  and  the  ultimate  wearing  capacity  of  the  coating  be  greatly  reduced. 
Crenerally  speaking,  binding  should  not  be  applied  to  the  metalling  unless 
the  coatings  are  partially  set  or  consolidated,  and  then  only  during  the  spring 
months,  in  order  to  give  a  smooth  surface,  and  preserve  the  macadam  from 
being  crushed ;  but  it  may  be  absolutely  necessaiy  to  apply  it  owing  to  the 
absence  of  moisture  to  effect  this  properly. 

817.  The  practice  of  using  blocks  or  trestles  to  force  the  wheels  of 
vehicles  on  to  the  patches  of  road-stone  is  a  primitive  method  of  aiding 
consolidation,  but  one  which,  under  adverse  circumstances,  is  inseparable 
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from  the  mode  of  repairing  roads  by  means  of  spreading  isolated  patches  of 
macadam  on  them.  The  use  of  these  should  be  restricted  as  much  as  pos- 
sible, and  resorted  to  only  when  damage  is  likely  to  occur  by  reason  of  the 
vehicular  traffic  running  in  one  track  after  the  supply  of  metalling  is  exhausted. 

818.  Composition  of  the  Crust  of  a  Bead. — The  composition  of  the 
crust  of  a  road  that  has  been  repaired  by  a  system  of  patching  is  made 
up  of  a  high  proportion  of  detritus  in  combination  with  the  metalling 
forming  the  wearing  surface. 

Experiments  have  been  made  to  ascertain  the  composition  of  traffic- 
consolidated  road  surfaces,  or  the  proportion  of  solid  material  to  that  of 
voids  or  spaces  filled  with  small  stuff  or  muddy  cementitious  material. 

Observations  on  metalling  broken  by  hand  to  pass  through  a  2|-inch 
ring  show  the  average  proportion  of  solid  to  void  to  be  56  per  cent,  and 
44  per  cent,  respectively. 

During  the  process  of  consolidation  by  the  wheels  of  vehicles,  a  consider- 
able amount  of  the  material  is  reduced  to  dust  and  small  chippings.  This 
waste,  brought  about  by  abrasion,  is  estimated  by  some  authorities  at  30  per 
cent. ;  to  a  certain  extent  it  assists  in  filling  the  voids  of  the  macadam, 
and  in  the  consolidation  of  the  coating.  The  greater  portion  of  this  waste 
is,  however,  scraped  off  the  road  in  the  form  of  mud. 

If  a  portion  of  a  well-kept  wheel  traffic  made  road,  repaired  with  hard 
whinstone  or  basalt,  be  taken  up,  and  the  component  parts  of  the  sample 
separated  so  as  to  exclude  all  material  which  will  pass  through  a  half-inch 
riddle,  a  size  that  may  be  fairly  considered  as  exhausted  macadam,  it  will 
be  found  to  contain  on  an  average  56  per  cent,  of  solid  and  44  per  cent,  of 
void  or  detritus. 

This  proportion,  it  may  be  observed,  is  nearly  similar  to  that  of  the 
original  metalling. 

Mr.  Codrington,  when  acting  as  Superintendent  of  the  County  Roads 
in  South  Wales,  carried  out  many  experiments  in  connection  with  the  com- 
position of  road  coatings  on  roads  repaired  with  different  kinds  of  material.* 
The  average  results  he  obtained  show  that  39  per  cent,  of  the  material  com- 
posing the  constituent  parts  of  the  crust  was  made  up  of  stones  over  Jths 
of  an  inch  in  size,  44  per  cent,  of  small  stuff  from  less  than  Jths  to  ^tli  of 
an  inch,  while  17  per  cent,  consisted  of  detritus  or  mud.  This  is  practi- 
cally equal  to  39  per  cent,  of  solid  or  serviceable  material  and  61  per  cent 
of  void  or  small  exliausted  macadam  and  mud,  although  in  some  cases  the 
proportion  of  solid  to  void  was  nearly  equal.  The  material  was  originally 
2J-  and  2J-inch  metalling,  but  was  principally  composed  of  mountain  lime- 
stone, a  material  not  used  now  to  any  great  extent. 

He  also  states  that  specimens  of  consolidated  limestone  roads  weigh  from 

*  T?ie  Maintenanu  of  Macadamized  Hoods,  by  Thomas  CodriDgton  ;  second  edition, 
1892,  pp.  64  and  55. 
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161  to  163|  lbs.  per  cubic  foot,  when  the  limestone  of  which  they  are 
repaired  weighs  171^  to  172  lbs.  per  cubic  foot,  the  consolidated  road 
being  thus  93^  to  95}  per  cent,  of  an  equal  bulk  of  solid  stone.  The  same 
proportion  was  found  to  prevail  on  consolidated  road  surfaces  composed 
of  metalling  prepared  from  igneous  rocks. 

When  the  metal  coatings  of  roads  contain  a  large  proportion  of  mud 
and  small-sized  stones,  such  roads  will  not  be  capable  of  withstanding  the 
wear  caused  by  the  passage  of  heavy  traffic  during  wet  weather,  or  when 
the  crust  of  the  road  is  in  a  soft  state.  Alternations  of  frost  and  thaw  on 
such  roads  will  likewise  destroy  the  coating  and  reduce  the  better  portions  of 
the  metalling  quickly  to  detritup,  more  readily  than  in  a  road  the  constituent 
parts  of  which  are  mainly  composed  of  serviceable  material.  Under  the  latter 
conditions,  and  with  efficient  surface  and  subsoil  drainage,  these  atmospheric 
influences  have  but  little  damaging  effect. 

The  inconvenience  experienced,  and  the  great  waste  of  material  insepa- 
rable from  the  old  method  of  repairing  roads  by  patching,  however  well 
carried  out,  cannot  be  compared  with  an  efficient  system  of  steam  rolling, 
and  this  mode  of  repairing  roads  will  now  be  described  in  detail. 

819.  Steam  BoUing  as  applied  to  Repairing  Roads.— In  many  coun- 
tries the  methods  practised  in  obtaining  the  material,  the  subsequent  means 
adopted  in  reducing  the  rock  to  macadam,  and  steam  rolling,  are  carried  out 
on  thoroughly  scientific  principles.  Apart  from  the  great  advantages  to 
those  using  the  roads,  and  which  are  of  primary  importance  to  owners  of 
horses,  a  considerable  economy  in  the  maintenance  of  the  roads,  compared 
with  the  old  system  of  performing  the  work,  can  be  shown  to  result  from  the 
employment  of  an  efficiently  equipped  road  maintenance  plant 

The  construction  of  the  steam  roUer  has  been  already  described,  and  no 
matter  what  the  weight  of  the  engine  employed  to  perform  the  work  of  con- 
solidating the  metalling  may  be,  the  method  is  precisely  the  same,  although 
the  cost  of  rolling  will  be  somewhat  higher  when  rollers  of  the  light  class  are 
made  use  of. 

A  system  of  rolling  practised  in  some  of  the  counties  in  this  country  is 
that  of  consolidating  the  metal  patches  which  were  formerly  allowed  to  be 
worked  in  by  the  ordinary  wheel  traffic. 

The  area  to  be  covered  is  generally  loosened  by  means  of  hand  picks,  or 
by  a  scarifier,  previous  to  the  new  metalling  being  applied.  In  most  cases, 
however,  the  edges  of  the  worn-out  parts  to  be  renewed  are  only  loosened,  so 
that  the  macadam  forming  the  outside  of  the  patches  will  not  be  crushed  by 
the  roller  wheels  daring  the  process  of  consolidation. 

If  the  surface  of  a  road  contains  a  considerable  amount  of  detritus  or  is 
previously  softened  by  artificial  watering,  the  macadam,  which  can  only  be 
spread  one  stone  thick  in  this  method  of  repairing,  may  be  consolidated 
wiihoat  much  damage  being  done  to  the  metalling.    Under  ordinary  c\\5sa\si- 
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stances,  however,  the  portions  of  the  road  to  be  repaired  should  be  picked  or 
scarified,  otherwise  the  macadam  will  be,  to  a  great  extent,  pulverized  by 
being  placed  between  two  hard  materials,  namely,  the  surface  of  the  road 
and  the  roller  wheels.  In  rolling  patches  of  metalling  it  is  necessary  to 
sprinkle  water  over  the  surface  to  aid  consolidation,  the  detritUA  in  the  old 
macadam  being  generally  sufficient  to  form  a  binding  for  the  new  coating. 
This  is  swept  over  the  surface ;  then,  by  repeated  passages  of  the  roller  with 
occasional  watering,  all  the  interstices  of  the  stones  are  filled  up  and  the 
surface  is  made  perfectly  hard  and  smooth. 

This  method  of  improving  the  surface  of  roads  is  undoubtedly  a  very 
decided  advance  on  the  barbarous  system  of  consolidating  the  macadam 
by  the  wheel  traffic  formerly  resorted  to,  and  which,  unfortunately,  is  still 
in  operation  in  many  districts  at  the  present  time.  It  must  be  admitted  as 
a  general  principle,  however,  that  when  rolling  patches  of  metalling,  the  whole 
width  of  the  roller  wheels  cannot  be  brought  into  use  simultaneously  or 
continuously.  For  very  small  repairs,  or  on  roads  which  have  been  rolled 
and  are  slightly  out  of  repair  at  places,  the  process  of  mechanical  scarifying, 
applying  a  small  quantity  of  fresh  road-stones,  and  rolling,  improves  a  road 
surface  materially,  and  it  may  thus  be  made  nearly  equal  in  durability  and 
appearance  to  a  road  which  has  been  coated  and  consolidated. 

820.  KoUing  Patchwork.— The  following  is  an  instance,  and  the  re- 
marks are  applicable  to  a  greater  or  less  extent  in  rolling  all  metal  patches. 

When  a  patch  of  metalling,  3,  4,  or  5  feet  in  width,  has  to  be  consoli- 
dated, the  effect  of  rolling  is  such  that  a  part  of  the  breadth  of  the  engine 
wheels  overlaps  the  metal  patch,  consequently  that  part  is  doing  no  actual 
work  so  far  as  consolidating  the  new  coating  of  metal  is  concerned.  It  has 
been  already  stated  that  the  rolling  width  of  a  15-ton  roller  is  7 J  feet, 
while  in  one  of  12  tons  weight  it  is  6 J  feet;  hence,  to  obtain  the  advan- 
tage of  the  full  effective  width  of  a  roller  the  breadth  of  the  metal  patch 
would  require  to  be  increased  accordingly.  This,  in  effect,  means  adapting 
the  extent  of  repairs  to  the  rolling  width  of  the  engine,  irrespective  of  the 
actual  necessities  of  the  road.  Assuming,  then,  that  this  has  been  satisfac- 
torily arranged,  the  length  of  the  metal  coating  has  to  be  considered,  and  it 
may  happen  that  by  this  system  of  working  the  new  material  is  spread  with 
but  little  space  between  the  patches,  which  will  admit  of  the  maximum  amount 
of  surface  area  of  metalling  being  rolled.  It  is  obvious,  nevertheless,  that  as 
the  roller  commences  work  clear  of  the  metal  patch,  or  on  the  old  portion  of 
the  road,  which  process  is  repeated  each  turn  the  engine  makes,  and  also 
overlaps  the  width,  a  considerable  amount  of  the  benefit  of  rolling  is  wasted 
on  the  portion  of  a  road  which  is  probably  in  excellent  order.  In  other 
words,  the  cost  of  rolling  patches  of  metalling  is  considerably  greater  than 
when  continuous  coatings  are  spread  to  the  full  width. 

The  author  has  found  from  experience  that  30  cubic  yards  of  metalling 


CJONSTEUCTION   AND   MAINTENANCE  OP  ROADS.  285 

spread  in  isolated  patches  can  be  consolidated  in  one  day  during  the  autumn 
and  winter  months  with  a  15-ton  roller. 

821.  Cost  of  Soiling  Patches  of  Metalling.— The  cost  of  rolling  thin 
coatings  of  metalling  applied  on  the  patching  system,  including  sweeping, 
and  water-cart  horse,  but  exclusive  of  spreading  the  macadam,  is  9d.  per 
cubic  yard.  It  is  necessary  to  add,  however,  that  in  some  cases  many  of 
the  patches  were  partially  consolidated  by  the  wheel  traffic  previous  to  the 
work  being  undertaken  by  the  roller. 

The  County  Surveyor  of  Nottingham*  has  carried  out  the  patching 
system  of  repairing  road  and  steam  rolling  on  an  extensive  scale  for  some 
years  past  with  good  results. 

He  uses  12-ton  rollers,  and  the  average  cost  of  consolidating  the  metal- 
ling, including  small  repairs  to  the  plant,  is  9d.  per  ton.  This  is  an  average 
for  working  all  the  year  round,  the  operations  being  carried  on  during  the 
summer  months  on  the  roads  which  are  nearest  the  best  supply  of  water. 

This  system  is  mostly  followed  where  limited  quantities  of  road-stone 
are  applied  annually,  and  especially  when  the  cost  of  the  material  reaches 
a  high  figure,  the  object  being  to  obtain  a  smooth  surface;  a  road  so 
treated,  however,  would  not  have  a  reserve  of  strength  capable  of  with- 
standing fluctuations  of  traffic 

The  quantity  of  material  spread  in  patches  which  can  be  consolidated 
by  a  roller  each  day  under  ordinary  circumstances  is  on  an  average  30 
tons ;  in  many  instances,  however,  20  tons  may  be  considered  good  work, 
especially  where  the  exigencies  of  the  passing  traffic  necessitate  frequent 
stoppages  during  the  operations. 

822.  Soiling  Continuous  Coatings  of  Metalling.— For  the  reasons 
given,  and  because  of  the  time  lost  by  the  roller  travelling  to  distant  parts  of 
a  district  repeatedly  year  after  year,  the  author  prefers  to  consolidate  coatings 
of  metal  in  long  stretches  spread  to  the  necessary  width,  as  the  experience 
gained  in  carrying  out  the  two  systems  clearly  shows  that  in  the  latter  method 
there  is  greater  economy  in  working  expenses  as  well  as  increased  efficiency. 

The  roads  are  also  more  uniform  in  strength,  while  a  more  regular  wear- 
ing and  durable  surface  is  obtained  by  a  system  of  continuous  coatings 
consolidated  by  steam  rolling. 

The  additional  quantity  of  metalling  necessary  to  keep  a  roller  constantly 
at  work  in  some  districts  might,  at  first  sight,  be  considered  a  serious  obstacle  to 
the  introduction  of  road-rollers  on  economical  grounds  alone.  No  doubt  this 
would  be  the  case  if,  in  addition  to  the  annual  quantity  usually  allocated  for 
patching  purposes,  a  great  amount  of  metalling  were  supplied  to  coat  long 
stretches,  or  otherwise  to  ensure  the  roller  being  continually  employed. 

By    adopting    a   graduated   system,   however,   so   that  certain   roads, 

*  A  paper  read  before    the  Incorporated  Association  of  Mnnicipal  and  Connty 
KngineerB,  voL  xxii.,  on  "  Steam  Rolling,"  by  E.  Pomell  Hooley. 
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to  be  rolled  in  the  course  of  a  period  of  three  or  four  years,  may  be  arraoged 
for  in  advance  and  added  to  as  the  work  proceeds  year  by  year,  the  previous 
annual  quantities  of  material  applied  to  these  roads  can,  by  judicious 
management,  be  reduced  considerably  in  view  of  a  thorough  repair  being 
undertaken  within  a  limited  period  of  time. 

In  working  out  this  system  of  concentrating  the  metalling,  due  con- 
sideration must  be  given  to  the  requirements  of  particular  roads  and 
certain  sections  of  a  road,  where  circumstances  indicate  that  attention  and 
the  application  of  macadam  are  necessary  to  prevent  the  crust  of  the  road 
becoming  destroyed.  It  is  advisable,  not  only  when  rollers  are  being 
introduced  for  the  first  time,  but  as  rolling  operations  are  extended,  to 
prepare  a  list  of  those  roads  which  it  may  be  considered  necessary  to  under- 
take in  the  first  instance,  and  those  to  be  dealt  with  in  rotation  later. 

The  roads^  extending  probably  many  miles,  which  it  is  intended  to  roll 
during  the  season  following  the  previous  year's  supply  of  metalling^  should 
be  repaired  by  only  employing  the  quantity  of  material  that  is  just  sufficient 
to  maintain  a  fairly  good  surface  without  allowing  the  road  coating  to 
become  tracked. 

By  this  means,  and  when  the  following  year's  supply  is  prepared,  a 
quantity  of  macadam  nearly  equal  to  two  years'  ordinary  allocation  is  thus 
reserved  until  the  rolling  operations  are  commenced.  This  arrangement 
may  be  extended  so  that  a  three  or  four  years'  supply  may  be  applied  and 
rolled  on  any  particular  road. 

As  a  means  to  an  end,  this  is  the  only  method  which  can  be  followed, 
unless  larger  quantities  of  material  can  be  procured  at  a  cheaper  rate. 
Methods  have  been  described  in  the  chapters  ou  Quarrying  and  Stouc- 
breaking,  by  which  material  can  be  procured  at  a  small  cost. 

Undoubtedly  a  country  road  can,  by  careful  attention,  be  kept  in  good 
repair  with  a  small  quantity  of  material  for  a  limited  period  of  time,  and  by 
allocating  a  quantity  of  macadam,  to  bo  applied  only  when  the  road  shows 
signs  of  giving  way,  a  large  amount  of  metalling  may  be  reserved  and  con- 
centrated on  roads  where  found  necessary  in  connection  with  rolling  opera- 
tions. Adverse  weather  in  the  form  of  alternating  frost  and  thaw,  will  no 
doubt  injuriously  afFect  certain  portions  of  the  road  surface,  but  apart  from 
a  trifling  expenditure  in  labour  to  remedy  this,  the  weak  spots  can  be 
specially  treated  previous  to  or  at  the  same  time  as  the  general  repairs  are 
carried  out. 

It  has  already  been  shown  that  under  the  old  system  of  repairing  roads 
by  patching  and  consolidating  the  coatings  by  wheel  traffic,  a  layer  of 
macadam  one  stone  thick  serves  to  bear  the  ordinary  traffic  without  failure 
of  the  road  surface  for  a  considerable  number  of  years.  Any  reduction, 
therefore,  of  the  annual  quantity  of  metalling  applied,  as  a  temporary 
measure,  will  not  materially  affect  the   strength    of  the  road  for  a   time. 
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Experience  shows  that  by  judiciously  arranging  the  annual  allocation  of 
material  for  repairs,  tlie  actual  quantity  previously  used  can  be  reduced  by 
75  per  cent.,  when  rolling  operations  are  to  be  undertaken  the  following  season, 
and  50  per  cent,  in  the  case  of  roads  which  are  to  be  rolled  the  second  year.  On 
these  roads  which  are  to  have  attention  during  the  third  season,  a  quantity  of 
metalling  amounting  to  a  25  per  cent,  reduction  on  the  former  quantity  applied 
wiU  be  sufficient  for  ordinary  repairs.  It  is  obvious  that  by  this  method 
of  reducing  the  quantity  of  road  metal,  in  advance  and  in  regular  rotation, 
a  sufficient  supply  of  material  will  be  provided  to  keep  the  roller  employed 
in  consolidating  either  large  patches  of  metalling,  or  wide  continuous  coat- 
ings. It  may  be  well  to  stiite  here  that  a  reduction  in  the  quantity  of  metal- 
ling used,  when  spread  in  continuous  stretches  and  rolled,  will  give  a  saving 
of  about  25  per  cent,  of  the  total  amount  formerly  applied  in  patching 
which  was  consolidated  by  vehicular  traffic. 

If  the  macadam  used  for  repairs  is  hand -broken,  it  can  be  stored  in 
depots  or  brought  direct  from  the  source  of  production  to  the  road 
under  repair,  care  being  exercised  to  avoid  unnecessary  haulage,  which, 
besides  entailing  extra  cost,  does  not  add  in  any  way  to  the  efficiency 
of  the  work. 

It  happens  at  times  in  some  counties  that  a  supply  of  suitable  material 
cannot  be  obtained  in  the  immediate  neighbourhood  of  the  roads  to  be 
repaired.  This  may  necessitate  the  metalling  being  brougl^t  from  a  con- 
siderable distance,  even  from  points  beyond  the  limits  of  the  county  where 
the  operations  are  to  be  carried  out.  In  such  circumstances  the  cost  of 
maintaining  the  roads  is  considerably  increased,  owing  to  the  high  rate  paid 
for  haulage  by  rail  or  otherwise,  which  often  amounts  to  three  or  four 
times  the  initial  cost  of  the  macadam  at  the  source  of  supply. 

828.  Example  of  the  Methods  adopted  in  Arranging  for  Soiling  Opera- 
tions.— Where  quarries  exist  the  rock  of  which  is  suitable  for  producing 
road  metal,  and  are  so  conveniently  situated  in  relation  to  the  road  where 
the  repairs  are  to  be  made  that  the  material  can  be  conveyed  by  carts  or  by 
traction  engines  and  wagons,  the  following  method  of  arranging  the  work  is 
usually  adopted* 

The  fixing  of  the  portable  stone-breaking  machine  and  all  the  other 
accessories  being  arranged  as  described  in  Chapter  YI.,  the  points  on  the 
road  at  which  the  supply  of  metalling  should  commence  and  terminate  from 
the  different  quarries  may  best  be  illustrated  by  giving  an  example  taken 
from  actual  practice. 

A  road,  A  B,  fig.  126,  extending  to  5  miles,  was  repaired  by  a  con- 
tinuous coating  of  metal,  the  width  ranging  from  14  to  18  feet,  while  the 
depth  of  the  macadam  varied  from  one  stone  thick  to  4  inches.  The  section 
A  d,  of  the  main  road  A  B,  had  been  previously  maintained  with  material 
of  a  hard  and  tough  nature,  over  which  a  heavy  traffic  passed.     The  surface 
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of  the  road  was  considerably  worn,  which  necessitated  a  coat  of  roetalliog 
4  iuches  thick  being  applied. 

The  section  d  e  was  repaired  with  the  same  material  as  the  previoiu 
section,  but  the  traffic  passing  over  it  was  of  a  moderate  description ;  the 
repairs  being  effected  by  scarifying  the  old  surface,  bringing  it  into  proper 
ooDtour,  and  applying  a  coat  of  metalling  one  stone  thick.  The  section 
e  B,  the  wheel  traffic  over  which  is  considerable,  was  maintained  with  a 
material  of  a  highly  siliceous  nature,  while  the  surface  had  become  badly 
cupped,  necessitating  the  coating  being  scarified  and  the  old  material  screened 
to  remove  the  high  percentage  of  small  or  exhausted  material. 

This  small  stuff  was  laid  aside  and  used  afterwards  for  binding  the  new 
metal  coating,  the  thickness  to  which  the  macadam  was  laid  being  3  inches 
between  e/,  and  4  inches  between/ B. 

The  quarries  from  which  the  metalling  was  taken  are  marked  a,  5,  c  in 
fig.  1 26. 

In  deciding  from  which  of  the  two  quarries  a  and  b  the  material  should 
be  taken  for  repairing  the  portion  of  the  section  from  A  towards  d,  the 
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Fio.  120. — Plan  showing  how  to  economize  haulage  from  quarries  to  main  road. 

rock  ))eing  of  equal  quality,  the  relative  distances  and  the  probable  expense 
of  working  had  to  be  taken  into  consideration. 

The  conditions  as  regards  the  access  to,  and  the  service  roads  leading 
from  both  quarries  were  very  much  alike,  consequently  the  cost  of  haulage 
per  ton-mile  did  not  enter  into  the  question. 

The  point  to  be  decided  was  the  distance  from  the  points  a  and  h  to  the 
commencement  of  the  section  at  A.  On  referring  to  the  measurements  on 
sketch  plan,  it  will  be  seen  that,  so  far  as  the  mileage  is  concerned,  the 
quarry  a  would,  for  a  distance  of  fths  of  a  mile  from  A  towards  rf,  be  the 
preferable  one  so  far  from  which  to  procure  the  material  for  repairs.  The 
quantity  of  macadam  required  for  this  section  k  d  oi  the  road,  to  the  width 
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and  thickness  of  coating  shown,  would  be  495  tons,  which  could  be  accom- 
plished in  about  nine  days  by  means  of  a  stone-breaking  machine. 

Subsequent  to  breaking  this  quantity  of  macadam  the  stone-breaker 
would  require  to  be  removed  to  the  quarry  5,  so  as  to  equalize  the  cost  of 
haulage;  but  the  removal  of  the  plant  from  the  quarry  a  to  that  at  5, 
including  dismantling  and  re-erection,  would  entail  an  expenditure  of  508. 
The  cost  of  production  therefore  would,  considering  the  short  period  which 
the  plant  was  required  at  quarry  a,  be  enhanced  by  about  I^.  per  ton, 
compai-ed  with  the  cost  had  the  breaking  machine  been  set  to  work  in 
quarry  b  in  the  first  instance. 

The  expense  of  one  change  or  removal  was  thus  avoided,  and  although 
the  haulage  cost  more,  the  total  expenditure  incurred  in  repairing  the  section 
A  d  was  less  by  procuring  and  breaking  all  the  metalling  required  from  one 
quarry,  instead  of,  as  contemplated  at  firsts  dividing  the  quantity  between 
the  two  quarries  a  and  h.  The  cost  of  removing  the  plant  from  one  quarry 
to  another  is  infinitesimal  when  calculated  at  so  much  per  ton  on  a  large 
quantity  of  material,  while  it  is  considerable  when  only  a  few  days'  breaking 
is  undertaken,  by  reason  of  the  high  proportion  of  the  time  required  for 
removing  the  machinery,  to  the  actual  amount  of  work  performed.  In 
other  words,  the  additional  cost  for  breaking  by  machinery  amounts  to  l|d. 
per  ton  when  the  plant  is  removed  each  week,  while  it  is  under  ^d.  per  ton 
of  macadam  broken,  if  a  month's  work  be  accomplished  before  commencing 
operations  in  another  quarry,  compared  with  a  longer  period  of  time. 

It  will  be  obvious  from  these  considerations,  that  the  most  economical 
arrangement  was  to  procure  the  whole  material  necessary  for  repairing  the 
section  of  road  mentioned  exclusively  from  the  quarry  b. 

The  i)oints  (i  and  e  on  the  road,  being  situated  exactly  at  the  same  dis- 
tance from  the  quarries  b  and  c,  would,  if  the  conditions  were  equal,  present 
no  difficulty  in  fixing  on  the  point  as  that  midway  along  this  section,  where 
the  cost  of  haulage  from  either  quarry  is  equal. 

The  road  from  the  quarry  c  is  of  an  undulating  nature,  however,  which 
involved  an  increase  for  haulage  of  l^d.  per  ton-mile  compared  with  the 
cost  of  haulage  from  the  quarry  b.  The  question  presents  itself  in  this 
way :  at  what  point  between  d  and  e  does  the  cost  of  haulage  from  either 
quarry  become  equal  1  This  is  simply  a  matter  of  calculation.  With  regard 
to  the  section  e  /,  similar  conditions  as  to  haulage  existed,  and  the  road  from 
the  quarry  e  to  B  being  on  a  gradual  descent,  the  price  per  ton-mile  for 
haulage  was  similar  to  that  from  the  quarry  5,  namely  7|d.  As  in  the  pre- 
ceding case,  it  is  necessary  to  calculate  the  cost  of  conveying  the  metalling, 
80  that  where  the  materials  applied  to  the  road  from  the  two  quarries  meet, 
the  expenditure  for  haulage  in  either  case  will  be  the  same. 

The  spreading  of  the  macadam,  and  therefore  the  rolling,  should  be 
commenced  at  the  part  of  the  road  to  be  repaired  which  is  farthest  from  the 
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source  of  supply ;  that  is,  when  breaking  in  quarry  5,  the  repairing  of  the 
road  should  be  commenced  at  the  point  A,  and  be  continued  towaida  dL 
The  portion  of  the  section  d  e  should  likewise  be  arranged  for  by  fixing  the 
point  where  the  operations  are  to  be  commenced,  and  working  back  to  d, 

824.  Haulage— how  arranged. — By  arranging  the  work  in  this  manner 
the  carts  or  wagons  employed  in  conveying  the  metalling  do  not  pass  the  roller, 
and  therefore  do  not  interrupt  the  work  of  consolidating  the  metalling. 

In  conveying  the  road  metal  by  team  labour  direct  from  the  stone- 
breaking  machine,  or  even  when  taking  it  from  depdts,  tip-carts  only  should 
be  employed  in  depositing  the  macadam  on  the  road,  as  by  so  doing  the 
men  spreading  the  material  can  regulate  the  supply  when  being  emptied,  and 
so  save  extra  labour  in  handling. 

The  macadam  is  thus  placed  approximately  in  position,  but  all  the 
material  should  be  turned  over  by  shovels  so  as  to  equalise  the  coating. 
With  well-screened  metalling  less  time  is  necessary  to  accomplish  this  than  in 
the  case  of  spreading  hand-broken  stones  or  material  containing  a  large 
proportion  of  small  or  of  irregular-sized  stuff ;  it  is  necessary  in  either  case, 
however,  to  employ  thoroughly  experienced  men  to  perform  this  work,  as 
the  future  durability  of  the  coating,  although  rolled,  will  greatly  depend  on 
its  having  been  properly  executed. 

The  spreading  of  the  metalling,  as  already  stated,  is  commenced  at 
the  point  furthest  from  the  quarry,  and  when  a  stretch  of  about  30  to  50 
yards  of  road  has  been  coated  the  rolling  is  commenced. 

To  ensure  that  the  proper  quantity  of  macadam  is  being  applied  to  the 
road,  the  area  spread  each  day  should  be  measured.  On  referring  to  the 
weighbook,  the  total  quantity  of  material  removed  from  the  breaking 
machine  and  deposited  on  the  road  is  ascertained,  when  it  can  be  easily 
verified  if  the  proper  depth  of  metalling  is  being  adhered  to. 

325.  Binding  Material  and  Artificial  Watering  necessary. — Pre- 
vious to,  and  during  rolling  operations,  binding  material  should  be  prepared 
from  the  road  sides,  if  suitable,  or  brought  from  the  nearest  available 
source,  and  deposited  conveniently  on  the  bermes  or  in  the  water-tablee  on 
either  side,  and  all  the  water  outlets  should  be  closed. 

The  rolling,  as  explained  in  Chapter  VII.,  is  commenced  at  either  side 
nearest  the  water  channels;  the  engine  is  worked  gradually  towards  the 
crown  of  the  road,  and  repeated  passages  are  made  in  order  to  set  or  interlock 
the  macadam,  during  which  process  the  flat  sides  of  the  stones  are  brought 
uppermost  After  this  has  been  accomplished,  and  then  only,  the  artificial 
watering  is  commenced,  when,  according  to  the  nature  of  the  material  and 
weather  prevailing,  the  binding  is  applied;  the  new  metalling  being  wet 
prevents  its  being  *  licked  up '  by  the  roller  wheels. 

When  clean  sand  is  the  material  made  use  of  for  this  purpose,  it  should 
be  spread  over  the  partially  rolled  metalling  evenly  and  in  small  quantities  as 
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the  roller  passes  backwards  and  forwards,  the  interstices  being  gradually 
filled  by  watering  and  sweeping,  until  the  whole  surface  is  thoroughly  con- 
solidated and  presents  a  mosaic-like  appearance.  If  sand  is  applied  before 
the  metal  coating  is  well  set,  it  will  be  washed  to  the  bottom  of  the  macadam 
and  cause  trouble  afterwards.  When  the  binding  material  is  composed  of 
loamy  sand,  road-drift,  or  road  sweepings,  from  which  the  vegetable  matter 
has  been  removed  by  being  properly  weathered,  the  system  of  working 
adopted  on  roads  up  to  18  or  20  feet  in  width  is  to  convert  the  binding  in 
the  water-tables  into  grout  by  a  copious  supply  of  water,  and  passing  the 
roller  wheels  over  it.  The  binding,  in  this  consistence,  is  then  swept  from 
either  water-table  towards  the  crown  of  the  road,  when  by  the  repeated 
passing  of  the  roller  the  whole  body  of  the  macadam  is  bound  together. 
The  process  of  rolling  with  a  slight  watering  should  be  continued  even  after 
the  surface  appears  to  be  consolidated,  as  by  this  means  any  surplus  binding 
lying  in  the  interstices  of  the  stones  will  be  squeezed  out,  and  should  be 
removed  by  sweeping  to  the  sides. 

826.  Ainoant  of  EoUing  necessary. — ^The  amount  of  rolling  necessary 
will  greatly  depend  on  the  nature  of  the  material  and  binding  used,  there- 
fore no  specific  rule  can  be  laid  down  ;  experience  and  observation  are  the 
only  reliable  guides. 

Generally  speaking,  a  sufficient  degree  of  consolidation  will  be  attained 
when  the  stones  cease  to  creep  or  move  under  the  action  of  the  roller 
wheels. 

A  method  of  testing  sometimes  adopted  is  placing  a  single  piece  of 
road  metal  on  the  surface  of  the  newly  consolidated  coating ;  should  the 
stone  be  crushed  to  pieces  instead  of  being  forced  into  the  general  body  of 
the  road,  a  sufficient  degree  of  hardness  is  considered  to  have  been  attained. 
This  may  be  applicable  in  some  cases,  but  as  the  quality  of  the  metalling 
depends  on  this  method  of  determining  the  degree  of  consolidation,  it  is  not 
a  very  reliable  test 

As  all  binding  material  contracts  after  the  moisture  evaporates,  the 
metalling  at  the  surface,  especially  during  dry  weather,  becomes  slightly 
loose.  It  is  necessary,  therefore,  to  apply  some  light  binding  material  to 
counteract  this  tendency,  for  which  purpose  a  thin  coat  of  sand  ^  inch  thick 
spread  over  the  surface  is  particularly  useful,  but  during  high  winds  it 
is  easily  blown  away,  leaving  the  surface  of  the  road  bare  and  unprotected. 

The  best  material  which  can  in  any  circumstance  be  applied  is,  in  the 
author's  experience,  the  fine  chips  or  screenings  from  the  stone-breaker, 
which,  being  of  some  weight,  are  not  so  liable  to  be  thus  disposed  of. 

These  binding  materials  should  be  applied  immediately  after  the  rolling 
proper  is  finished.  It  is  advisable  and,  in  most  instances,  necessary,  on  the 
•dvent  of  rain  to  send  the  roller  over  the  newly  finished  road  again.  By 
doing  80^  every  advantage  is  brought  to  bear  on  the  metal  coating,  as  the 


292  ROAD   MAKINO   AND   MAINTENANCE. 

lower  part  of  it^  being  in  a  partially  moist  or  green  state,  and  the  surface 
covered  with  a  thin  layer  of  chips,  the  whole  mass  is  thoroughly  compacted 
and  a  smooth  hard  surface  formed. 

This  produces  a  *  skin '  capable  of  resisting,  under  most  circumstances, 
the  destroying  influ^ce  of  dry  weather  and  traflSc  on  a  newly  rolled  road, 
especially  when  the  binding  material  used  is  of  the  kind  mentioned.  In  the 
absence  of  rain  it  may  become  necessary  to  apply  artificial  watering  to 
ensure  a  properly  finished  surface. 

These  remarks  apply  where  in  the  rolling  o[)erations  there  is  used  only 
as  limited  a  quantity  of  binding  as  possible,  consistent  with  the  proper 
cohesion  of  the  macadam,  and  not  to  the  system  of  using  unsuitable 
material  for  this  purpose,  applied  in  immoderate  quantities,  which  will  give 
so  much  trouble  in  the  subsequent  maintenance  of  a  road. 

327.  Hand-broken  road  metal  applied  without  being  screened,  especially 
when  the  proportion  of  small  material  in  its  bulk  is  large  and  rolled  in  the 
usual  way,  presents  a  cupped  surface  in  a  few  months  after  the  work  is  com- 
pleted. This  is  brought  about  by  the  material  not  being  of  a  uniform  size ; 
the  spreading  of  it  equally  over  the  surface  of  the  road  is  a  very  difficult 
matter  indeed ;  and  should  the  metalling  be  prepared  from  rock  of  a  highly 
siliceous  nature,  or  acid  variety,  the  process  is  well-nigh  impossible. 

The  traffic  carried  on  narrow  wheels  will  in  a  short  time  wear  out 
the  parts  where  the  small  material  has  been  spread  and  cause  hollows  to  be 
formed,  owing  to  its  not  being  equal  in  strength  to  the  proper  sized  macadam 
composing  a  portion  of  the  coating. 

A  greater  quantity  of  ordinary  hand-broken  metalling  can  be  con- 
solidated by  a  roller  in  a  day  than  when  machine  or  screened  hand-broken 
is  employed.  In  other  words,  the  cost  of  consolidating  ordinary  hand-broken 
macadam  is  less  per  ton  than  when  screened  material  is  used. 

828.  Method  of  Applying  Scarifying  Machine. — A  machine  for  scari- 
fying the  surface  of  a  road  is  a  very  valuable  adjunct  to  road-rolling,  and 
may  be  applied  in  various  ways.  Many  old  roads  containing  a  sufficient 
amount  of  metalling,  and  over  which  the  traffic  is  of  a  light  description,  can 
be  scarified  3  or  4  inches  deep,  brought  to  a  uniform  contour,  and  rolled,  so 
as  to  present  a  smooth  and  hard  surface.  This  may  be  carried  out  at  a 
trifling  cost,  and  will  eflect  the  improvement  of  making  a  good  serviceable 
road  of  one  previously  in  an  unsatisfactory  condition.  The  operation, 
whether  for  improving  an  old  road  or  for  the  purpose  of  applying  a  light 
or  heavy  coat  of  metalling,  is  carried  out  in  a  similar  manner. 

The  first  cut  when  using  Morrison's  scarifying  machine  is  commenced  at 
the  side  and  continued  towards  the  crown  of  the  road;  then  the  engine 
is  reversed,  and  the  work  done  on  the  other  side.  TTie  scarifying  is  best 
performed  in  the  early  morning,  when,  as  a  rule,  passing  vehicles  are  not 
80  numerous.     Two  hours  each  day  is,  in  ordinary  circumstances,  ample  time 
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for  this  work  in  scarifying  an  area  sufficient  to  admit  of  the  daily  snpply  of 
material  from  the  stone-breaker  being  spread  over  the  loosened  surface. 

It  is  sometimes  advantageous,  however,  when  the  consolidation  of  the 
new  metalling  is  well  advanced,  to  keep  the  machine  at  work  for  three  or 
four  hours,  which  will  be  sufficient  for  two  days'  rolling.  It  is  not  advisable 
to  exceed  this  amount,  except  on  roads  where  the  traffic  is  very  light,  as  the 
passage  of  the  wheels  of  vehicles  partially  consolidates  the  newly  scarified 
surface,  especially  during  wet  weather,  which  involves  extra  labour;  the 
work  must  then  be  supplemented  by  hand  picking. 

After  the  whole  surface  is  scarified,  men  are  employed  to  rake  the 
material  into  proper  shape,  so  as  to  present  a  uniform  contour,  any  large 
stones  turned  up  being  broken  to  a  proper  size  previous  to  the  application  of 
the  new  coat  of  metalling. 

829.  Scarifying  and  Screening  the  Old  Metalling.— The  crust  of  a 
rood  which  has  worn  down  in  a  uniform  manner  is  best  repaired  by  apply- 
ing a  coat  of  metalling  without  the  old  surface  being  scarified.  It  is  usual, 
however,  to  run  a  cut  with  the  machine  on  either  side  of  the  road  where 
the  width  of  the  coating  is  to  terminate. 

"When  such  conditions  exist,  it  may  be  considered  to  be  an  ideal  wearing 
road.  This  is  only  attainable  when  a  tough  weather-resisting  material  has 
been  employed,  when  the  subsoil  and  surface  drainage  is  perfect,  and  when 
the  road  is  open  and  well  exposed  to  the  beneficial  influences  of  sun  and 
air.  In  most  cases  it  is  preferable  to  scarify  the  whole  surface  of  the  road 
to  be  repaired,  and  when  the  old  metalling  is  such  that  the  proportion  of 
small  material  to  the  full-sized  stones  is  not  great,  all  that  requires  to  be 
done  to  prepare  it  for  the  fresh  macadam  is  to  rake  the  stones  composing 
the  old  material  into  proper  contour.  This  is  the  simplest  method  of  com- 
bining a  system  of  scarifying  and  rolling,  and  is  the  invariable  practice 
where  these  modern  appliances  are  in  use.  At  first  sight  this  appears  to 
be  all  that  is  required,  but  if  a  portion  of  road  newly  scarified,  other  than  that 
already  mentioned  in  the  preceding  paragraph,  be  examined,  it  will  be  found 
to  contain  a  large  quantity  of  stones  varying  in  size  from  a  ^-inch  gauge  to 
the  size  of  a  pea,  and  a  considerable  amount  of  fine  detritus.  On  most  roads 
maintained  by  the  aid  of  wheel  traffic  consolidation,  the  quantity  of  such 
material,  which  may  be  considered  the  exhausted  portion  of  the  crust  of  a 
road,  amounts  to,  on  an  average,  from  60  to  70  per  cent,  of  the  whole  mass. 

The  quantity,  of  course,  varies  greatly,  according  to  the  condition  of 
the  road  surface  and  the  quality  of  the  macadam  which  has  been  employed 
in  carrying  out  the  repairs ;  and  in  isolated  cases  the  quantity  of  exhausted 
to  serviceable  material  has  been  found  to  reach  as  high  as  90  per  cent. 

In  the  case  of  roads  repaired  with  a  thick  coating  of  metal  and  steam- 
rolled,  the  original  proportion  of  binding  to  metalling  was  on  examination 
found  to  be  15  per  cent.,  and  when  scarified  years  afterwards  to  ^is>\\i  ^\ 
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further  necessary  repairs,  it  was  found  to  contain  about  40  per  cent  of 
exhausted  material.  This  small  stuff,  or  exhausted  material,  was  determined 
by  what  would  pass  through  a  |-inch  riddle  or  screen. 

The  reduction  in  the  size  of  the  metalling  is  caused  by  the  wheel  traffic 
passing  over  the  road  wearing  the  stones,  internal  friction  or  abrasion,  and 
by  the  disintegrating  influence  of  alternating  frost  and  thaw.  It  may  he 
observed  that^  even  at  a  depth  of  4  inches^  a  considerable  amount  of  sand  or 
detritus  exists.  Undoubtedly  a  large  proportion  of  this  is  what  may  he 
termed  'soft  or  useless'  material  incorporated  in  the  crust  of  the  road, 
which,  if  allowed  to  remain  when  a  coat  of  fresh  material  is  applied,  will, 
after  being  rolled,  give  trouble  sooner  or  later,  and  the  result  will  be  the 
formation  of  a  series  of  hollows  or  cups  on  the  surface  of  the  road. 

It  is  obvious  that  the  direct  cause  of  this  unequal  wearing  is  the 
large  proportion  of  small  to  the  ordinary  class  of  material,  consequently 
the  irregular  sized  stones  forming  the  old  coating  are  of  unequal  strength. 

On  narrow  roads  the  tendency  of  the  traffic  is  to  keep  in  one  track, 
causing  undue  wear,  while  the  other  portions  of  the  surface  remain  in  good 
condition.  When  once  these  depressions  are  formed,  the  road  at  these 
points  is  subjected  to  great  wear,  owing  to  the  surface  water  being  unable 
to  reach  the  side  channels. 

To  scarify  the  whole  surface  under  these  circumstances  is  unnecessary. 
What  repairs  are  required  may  be  accomplished  by  making  one  or  more 
cuts  with  the  scarifying  machine  along  the  depressed  or  cupped  portions  of 
the  surface,  applying  fresli  metalling  one  stone  thick  and  consolidating  by 
rolling,  and  a  perfectly  smooth  surface  will  be  the  result. 

830.  When  the  system  of  repairing  roads  is  carried  out  by  patching  and 
rolling,  the  work  of  consolidation  is  greatly  benefited  hy  previously  scarify- 
ing the  surface  of  the  road.  By  this  method  of  executing  repairs,  the 
material  can  only  bo  spread  one  stone  tliick  so  as  to  correspond  approxi- 
mately with  the  other  portions  of  the  road.  If  the  surface  of  the  road  is 
not  scarified,  considerable  damage  to  the  metalling  would  result  by  the 
crushing  effect  of  the  roller  wheels  passing  over  the  metal  patches. 

It  is  sometimes  the  practice  to  stock  the  parts  of  a  road  to  be  repaired 
by  means  of  hand  picking,  but  more  frequently  the  outside  edges  only  are 
loosened.  This  process  is  slow,  and,  when  only  partially  carried  out,  results 
in  damage  to  the  fresh  metalling ;  besides,  it  is  more  costly  than  mechanical 
scarifying. 

831.  Thickness  of  Metal  Coatings  when  Confiolidated  by  EoUing. 

A  matter  which  deserves  careful  consideration  is  the  quantity  of  material 
which  should  be  applied  for  consolidation  by  steam  rolling,  in  order  to 
obtain  the  best  results  so  far  as  durability  and  economy  of  maintenance 
are  concerned.  The  amount  in  cubic  yards  of  metal  applied  per  mile  of  road, 
under  the  old  or  patching  system,  is  so  far  a  means  of  determining  this 
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quantity  approximately.  To  spread  a  coat  of  metalling  the  full  width  of  a 
road  and  to  a  given  thickness,  it  is  evident  that  so  many  times  the  previous 
annual  supply  should  be  applied  in  order  to  get  good  results.  The  author 
has  found  in  practice  that^  to  obtain  from  four  to  ten  years'  service  from 
steam-rolled  coatings,  due  consideration  being  given  to  the  quality  of  the 
material  used  and  the  situation  of  the  road,  an  amount  equal  to  from  four 
to  six  times  the  average  annual  supply  formerly  applied  is  about  sufficient. 

Should  the  crust  of  a  road  be  considerably  worn,  or  when  repairing 
light-trafficked  roads,  it  is  advisable  to  apply  a  proportionately  larger 
quantity  of  metalling,  but  in  no  case  need  it  be  more  than  eight  times  the 
annual  supply  allocated  under  the  patching  system. 

In  other  words,  a  road  which  has  been  previously  maintained  in  good 
order  by  an  annual  supply  of  200  cubic  yards  per  mile  of  road  would 
require,  in  order  to  provide  a  continuous  coating  for  its  full  width,  800 
cubic  yards,  or  890  tons,  of  metalling  per  mile.  As  in  ordinary  maintenance 
by  patching,  it  is  necessary,  when  carrying  out  the  work  by  applying  con- 
tinuous coatings,  to  increase  the  quantity  on  the  level  stretches  as  compared 
with  the  other  portions  of  the  road  situated  on  a  gradient. 

382.  Method  of  arriving  at  the  Probable  Cost  of  Repairing  Roads. 
— In  estimating  the  annual  expenditure  for  steam  road-rolling  operations,  it 
Is  desirable  to  make  out  a  proper  statement  which  should  necessarily 
include  the  different  items  involved,  from  the  time  the  material  is  quarried 
till  it  is  consolidated  on  the  road.  By  this  means  the  actual  cost  of  repair- 
ing any  section  of  road  can  be  ascertained,  and  valuable  information  is 
afforded  for  future  reference  and  comparison.  In  the  following  particulars 
it  is  the  intention  to  give  all  the  details  necessary  for  framing  an  estimate 
for  such  work,  on  any  length  of  road  or  section  thereof. 

To  illustrate  this,  let  the  length  of  road  AB,  fig.  126,  taken  from  actual 
practice,  be  the  section  requiring  repairs;  the  position  of  the  quarries  is 
represented  at  b  and  c. 

As  already  pointed  out,  the  cost  of  quarrying  the  material  may  vary 
within  certain  limits,  partly  owing  to  the  nature  of  the  rock,  but  mainly 
to  the  amount  of  the  stripping  or  tirring.  Under  ordinary  circumstances, 
the  inclusive  cost  of  this  may  be  put  down  at  7|d.  per  ton  of  rock  sledged, 
ready  to  be  wheeled  to  the  breaking  machine.  The  items  for  breaking  and 
rolling  must  of  necessity  vary  according  to  the  size  of  metalling  required, 
the  capacity  of  the  roller  employed,  and  the  available  supply  of  water  for 
carrying  on  the  work  of  consolidation. 

For  the  road  under  consideration  the  breaking  of  the  macadam,  includ- 
ing wheeling  the  rough  material  to  the  machine,  and  all  other  incidental 
expenses,  may  be  taken  at  ir37d.  per  ton,  while  the  consolidation  of  the 
metalling,  including  2d.  per  ton  for  spreading  the  coating,  may  be  safely 
put  down  at  9*63d.  per  ton.     The  following  is  a  summary  of  tUea^  \\i^TCA« 
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Table  XXXV. 

Pence  per  ton. 
Quarrying,  including  stripping  and  sledging,      .        •        •        .  7*5  * 

Breaking, 11 'S?* 

Rolling,  including  spreading  the  macadam,  team  labour  for  water 

supply,  sweepers,  etc.,         .......  9*63 

28*50 
or  2s.  Hd,  per  ton  consolidated. 

The  hauling  of  the  material  will,  of  course,  vary  according  to  the 
distance  conveyed  and  the  nature  of  the  service  roads  traversed. 

The  contract  price  for  the  section  A  df,  in  fig.  126,  was  7fd.  per  ton- 
mile,  the  thickness  of  the  metalling  applied  being  approximately  uniform 
throughout  the  section ;  therefore  the  average  cost  on  the  length  of  road 
A  d  18  taken  as  midway  between  these  points.  This  average  distance  is  made 
up  as  follows  : — 

Distance  from  quarry  b  to  point  d=  2*0    miles. 

„         „     rfto  A  =  limile8-^2=  0-56     „ 

Average  distance,        .        .        .        2*56      ,, 

This  at  7fd.  per  ton-mile  is  19*84d.,  which,  added  to  the  total  of  the 
othex  items,  amounts  to  slightly  over  48.  per  ton. 

The  next  matter  to  be  considered  is  the  quantity  of  metalling  required 
to  coat  a  road  18  feet  wide  at  an  average  thickness  of  4  inches.  It  has 
been  pointed  out  (p.  279)  with  regard  to  this  matter  that  the  area 
covered  by  road-stones  varies  according  to  the  specific  gravity  and  the  size 
to  which  the  stones  are  broken.  One  ton  of  macadam  varying  from 
2-  to  2  J-inch  gauge,  properly  screened,  which  is  generally  the  size  of  stone 
adopted  in  rolling  operations,  will  cover  an  area  of  approximately  32  square 
yards,  spread  to  a  thickness  of  1  inch. 

Therefore  at  a  depth  of  4  inches  one  ton  of  metal  will  cover  an  area  of 
8  square  yards.  The  area  forming  the  section  of  road  A  d  ib  ascertained 
in  the  usual  manner,  and  will  be  found  to  contain  11,832  square  yards, 
which,  divided  by  8,  gives  the  quantity  of  metalling  required,  namely, 
1479  tons.  The  cost  of  carrying  out  the  work  is  calculated  by  taking  the 
latter  figure  at  the  price  per  ton  for  the  inclusive  operations,  or  4s.  OJd. ; 
therefore  £298*02  is  the  cost  for  repairing  this  section  of  road  extending 
to  1^  mile. 

The  second  section  of  road  to  be  repaired  from  the  quarry  b  extends  to 
a  point  between  d  and  e.  This  must  be  determined  previous  to  commencing 
operations,   for,   should   the  distance  be  taken  as  midway  between  these 

*  These  figures  are  purposely  made  high  so  as  to  cover  all  contingencies  which  may 
arise,  the  actual  cost  being  generally  about  5  per  cent,  less,  as  pointed  out  in  the 
chapters  ou  '  Quarrying '  and  '  Breaking.' 
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points,  the  cost  of  haulage  would,  in  the  case  of  materials  carted  from  the 
quarry  6,  amount  to  19*38d.  per  ton,  while  that  conveyed  from  the  quarry 
e  would  be  22*5d.  per  ton.  To  equalize  the  price  for  haulage  from  these  two 
quarries,  it  is  necessary  to  fix  the  point  on  this  section  of  road  where  the  cost 
of  haulage  will  be  the  same  from  either.     This  may  be  found  by  calculation. 

The  half-distance  between  the  two  quarries  along  the  road  is  2^  miles, 
but  as  the  cost  of  haulage  from  the  quarry  c  to  this  point  is  1^.  more  per 
ton-mile  than  from  the  quarry  b,  it  is  evident  that  the  point  where  the 
material  from  either  quarry  should  join  will  be  nearer  e.  The  price  for 
haulage  is  approximately  20'94d.,  being  the  mean  between  the  prices  from 
the  two  quarries  at  the  half-distance.  This  figure  divided  by  the  prices  per 
ton-mile  from  the  quarries  b  and  e  respectively,  will  give  the  assumed  point, 
thus:  (1)  20-94 ^9d.  equals  2-327  miles,  and  (2)  2094 -^yfd.  equals 
2 '702  miles.  On  examination,  however,  it  is  found  that  the  total  distance 
is  too  great  by  0*029  of  a  mile ;  to  obtain  the  actual  distance  to  the  dividing 
line  it  is  only  necessary  to  deduct  the  half  of  the  fractional  part  ('0145) 
from  each  assumed  distance  in  order  to  arrive  at  the  final  result.  Thus : 
2-702  -  00145  equals  26875  miles,  and  2327  -  0*0145  equals  2*3125.  The 
distance  from  quarry  b  is  therefore  2*69,  and  from  c  2*31  miles.  The  distance 
along  the  section  of  road  de  iB  determined  by  these  figures,  being  1214  yards 
from  d  towards  e,  and  546  yards  from  e  in  the  direction  of  d. 

Had  the  half-distance  along  the  road  between  the  points  d  and  e  been 
adopted  as  the  dividing  line,  overlapping  would  have  resulted,  and  the  cost 
of  the  work  would  therefore  have  been  unnecessarily  increased,  by  reason  of 
the  extra  haulage.  Taking  the  cost  of  quarrying,  breaking,  and  rolling  as 
before — namely,  2s.  4Jd.  per  ton — an  additional  sum  will  have  to  be  added^ 
as  this  section  of  the  road  had  to  be  scarified  and  re-formed. 

The  cost  of  scarifying  3  inches  deep  may  be  taken  at  ^  of  a  penny ;  to 
this  has  to  be  added  a  sum  sufficient  to  cover  the  expense  of  raking  the 
material  into  proper  contour  and  breaking  any  large  stones  which  may  be 
in  the  old  coating.  This  is  generally  equal  to  about  ^d.  per  square  yard, 
consequently  these  items  together  amount  to  0*22d.  per  square  yard. 

The  haulage  from  the  quarry  b  to  the  section  of  road  d  towards  e  is 
made  up  of  the  distances,  2  miles  from  quarry  to  d  +  half  the  distance  to 
dividing  line,  which  equals  *345,  or  a  total  of  2*345  miles.  This  average 
mileage  at  7|d.  amounts  to  18*17d.  per  ton. 

Summarizing  these  items,  the  total  price  per  ton  for  the  whole  operation 
on  the  portion  of  the  section  of  road  from  d  towards  e  is  obtained. 

Qoanying,  breaking,  and  rolling,                  .        .        •        28*50  per  ton. 
Scarifying,  forming,  etc,  0*22d.  per  sq.  yard  X 14,         .  8*08       „ 

Haulage, 18*17       „ 


Pence,        49*75 
or  48.  Ifd.  per  ton  consolidated. 


>> 
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The  length  of  the  road  to  he  supplied  from  the  quarry  b  is  1314  lineal 
yards,  and  as  1  ton  of  metalling  spread  close  will  (according  to  the  mle) 
cover  14  square  yards  of  road,  the  quantity  of  metal  required  is  found  to 
he  404  tons.  'I'he  total  cost  of  this  quantity  of  metalling,  at  the  price  given 
ahove,  is  £83*75.  The  remaining  portion  of  this  section,  extending  to  546 
lineal  yards,  is  arrived  at  in  a  similar  manner,  the  quantity  of  material  heing 
182  tons. 

The  price  per  ton  for  all  these  items,  except  the  haulage,  is  the  same 
as  in  the  previous  case,  namely,  3r58d.  The  conveying  of  the  metal 
a  distance  of  2  miles  +  ^  of  0*31  mile,  or  2*16  miles,  at  9d.  per  ton, 
costs  19*40d.,  which  is  an  inclusive  price  of  50*98d.,  or  4s.  3d.  per  ton 
consolidated.  The  portion  of  this  section,  therefore,  will  cost  JB38*67,  or 
a  total  for  the  section  of  rood  hctween  d  and  e  of  XI  22*42. 

The  other  sections,  e  to  /  and  /  to  B^  are  proceeded  with  in  the  same 
manner  as  section  d  e,  the  dividing  line  on  the  former  portion  heing 
distant  1073  lineal  yards  from  e,  while  the  distance  from  the  dividing  line 
to/  is  2235  lineal  yards. 

Having  thus  ascertained  the  point  on  the  road  at  which  the  metaUing 
from  the  respective  quarries  h  and  c  should  join,  so  as  to  equalize  the  price 
for  haulage,  the  cost  of  the  whole  work  can  he  estimated. 

As  the  old  metalling  on  this  portion  of  the  road  contained  a  considerahle 
amount  of  small  stuff  and  detritus,  it  was  decided  to  scarify  and  screen  the 
material  l)efore  applying  the  new  coat  of  road  metal  The  scarifying,  taking 
it  at  0*10(1.  per  square  yard,  will,  allowing  11  square  yards  for  1  ton  of 
nmcadam  3  inches  thick,  cost  I'lOd.  The  screening,  including  repairs  to 
tools,  may  be  eiusily  performed  for  0'27d.  per  square  yartl ;  this  is  3d.  per 
ton,  calculated  on  the  material  which  is  to  form  the  new  coating,  making  an 
incluftive  price  for  this  work  of  4*10d.  per  ton.  Therefore,  taking  the  cost 
of  quarryinj^',  ))reakin<:(,  ami  rolling  as  already  stated,  the  total  cost  is  32*60d. 

The  average  cost  for  haulage  on  the  portion  of  the  road  nearest  c,  at  9d. 
per  ton-mile,  is  20*75d.  per  ton,  which,  added  to  the  previous  items,  amounts 
to  53  35d.,  or  4s.  5|(1.  per  ton  of  metalling  consolidated.  The  quantity  of 
material  reciuired  for  this  portion  of  the  road  is,  for  a  width  of  18  feet,  586 
tons,  and  the  cost  £130  02.  The  remaining  portion  of  this  section,  extend- 
ing to  2235  lineal  yards,  requires  1219  tons  to  form  a  coat  3  inches  thick 
and  18  feet  wide.  The  average  cost  for  haulage  on  this  portion  of  the  road 
is  1 8 '5 2d.  per  ton,  which,  added  to  the  other  items,  gives  51*1 2d.,  or  4s.  3d., 
as  the  cost  per  ton  of  macadam  consolidated. 

The  expenditure  for  repairs  on  tliis  portion  of  road  is  therefore  X259'04. 

In  regard  to  the  last  section  of  road  /B,  the  dividing  line  is  easily 
ariived  at,  being  the  lialf-distance  between  the  points  /  and  B.  This 
averages  2*25  miles  from  the  quarry  c,  which,  at  7|tl.  per  ton-mile,  amounts 
to  an  average  cost  of  17'44d.  per  ton. 
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The  depth  of  fresh  metalling  on  this  section  was  increased  by  I  inch  to 
give  a  proportionately  greater  strength  to  carry  the  additional  traffic  from 
the  road  towards  the  quarry  c.  This  affected  the  cost  of  scarifying 
compared  with  the  section  ef;  one  ton  of  metalling  covering  an  area  of 
8  square  yards  at  a  depth  of  4  inches,  so  that  the  cost  of  scarifying 
calculated  on  the  new  material,  0'80d.,  and  the  expense  of  screening,  brings 
this  item  up  to  3'80d.  per  ton. 

The  different  items  summarized  amount  to  49'74d.,  or  4s.  l|d.  per  ton 
of  metalling  consolidated. 

The  quantity  of  material  required  for  a  width  of  18  feet  and  of  the  thick- 
ness mentioned  is  1320  tons,  which  amounts  to  X273'62  for  this  section. 

The  total  cost  of  repairing  the  different  sections  of  road  from  A  to  B 
amounts  to  £1083*12,  being  at  an  average  rate  of  £216*62  per  mile. 

This  line  of  road  has  recently  been  repaired  with  practically  the  same 
quantity  of  metaL  The  haulage  was,  however,  carried  out  by  engines  and 
wagons.  The  total  cost  of  the  work  was  reduced  by  £126  compared  with 
former  estimate. 

The  arrangement  and  method  of  calculating  the  cost  of  performing  the 
work  has  been  given  in  detail,  so  that  the  different  items  may  be  easily 
foUowed;  it  is  usual,  however,  to  make  the  estimates  for  this  work  in  a 
tabulated  form,  which  should  be  preserved  for  future  reference. 

The  form  shown  at  pp.  300,  301  is  that  adopted  by  the  author,  experience 
having  proved  the  efficiency  of  the  method ;  a  sketch  plan  of  the  roads  to 
be  repaired  should  form  a  part  of  the  arrangement,  as  shown  in  fig.  126. 

838.  Cost  of  Light  Repairs. — The  cost  of  scarifying  a  road  5  yards 
wide,  raking  the  materials  into  a  proper  contour,  and  rolling,  without 
applying  any  fresh  materials,  will  cost  on  an  average  from  £25  to  £30  per 
mile.  It  is  a  very  significant  fact  that,  when  repairing  roads  by  this  means, 
and  where  the  metalling  has  been  consolidated  by  wheel  traffic,  owing 
to  the  excessive  quantity  of  small  or  exhausted  material,  a  large  amount  of 
detritus  is  produced  in  rolling-in  the  old  material  again,  which  should  be 
swept  to  the  sides  of  the  road.  In  many  cases  the  surplus  of  soft  or  useless 
material,  beyond  that  required  for  binding  in  connection  with  re-forming 
the  surface,  amounts  to  30  per  cent,  of  the  bulk  of  old  metalling  operated  on. 

This  large  amount  of  fine  stuff  or  detritus  is  accounted  for  by  reason  of 
the  high  proportion  of  soft  to  hard  material  composing  the  crust  of  a  road 
when  repaired  by  spreading  the  metalling  in  patches,  and  consolidated  by 
the  wheel  traffic     It  is  also  augmented  by  the  wear  of  the  material  itself. 

On  rolled  roads,  when  re-faced  to  improve  the  surface,  where  the 
material  used  has  been  of  a  good  quality,  the  amount  of  detritus  is  generally 
just  sufficient  to  form  a  binding  during  the  process  of  rolling-in  the  fresh 
metalling,  generally  one  stone  thick. 

In  the  case  of  a  narrow  road  when,  as  too  often  happens,  the  traffic  kA«^ 
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Tabu 


Division from  A. 


County  of ;  

Probable  Estimate  of  Road  Rollings 
..toB 


Mileage  of 

Road  to  be 

Boiled. 


Miles 
112 


0*69 


0-31 


0-61 


1-27 


1-00 


500 


Description  of  Road. 


From,  etc.,  A  tod, 


From,   etc.,  d  to  dividing 
line  in  direction  of  C, 


From,     etc.,    dividing    line 
toe. 


From,    etc.,    e   to   dividing 
line  in  direction  of/, 


From,  etc.,  dividing  line  to/, 


From,  etc. ,  /  to  B, 


Name  of  Quarry 

from  which  the 

Material  is  to  be 

taken. 


Cost  for  Qnarrying,  Breaking, 
Scarifying,  and  Boiling. 


Quarrying, 
Breaking,  . 
Rolling,    . 


Pence, 


7-60 
11-87 

9-es 


Quarrying;        .        .        .  7^ 

Breaking,  ....  11*87 
Scarifying     and    forming 

(h22d.xl4,    .        .        .  8<» 

Rolling,     ....  9^ 


Pence,    • 


81*58 


QoanTing;  etc.,   same  as 
above,  ....    81*58 


Quarrying, 
Breaking,  . 
Scarifying,  010x11=1  10 

+ screening = 3  "0,  . 
Rolling,     . 

Pence,    . 


Quarrying, 

Breaking, 

Scarifying,  010x11  =  110 

+8creening=3'0,  . 
Rolling,     . 

Pence,    . 


Quarrying,        .        .        .7*50 
Breakmg,  .        .        .    11*87 

Scarifying,     010x8=0'80 

+ screening =3 -00,         .      3*80 
Rolling,     ....      9-68 

Pence,    .        .    82-30 


7-50 
11*37 

410 
9-63 

32-60 


7-50 
11*37 

410 
9-68 

32-60 


Note.— One  ton  of  metalling  1  in.  deep  covers  82  square  yards. 
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r  Division. 

ear  1898-1899. 


Haulage 

i-mile,  and  Total 
ost  per  ton. 


•om  quarry  +  J  His- 
long  road  =  2*56  at 
19-841 
28-50  J 


DC, 


48-34 


rom  quarry +  4  dis- 
iividing  line  =  0-345 
at7|d.=     18-17  \ 
31  -58  J 


», 


49-75 


•om  auarry  +  J  dis- 
dividing  line  =  '155 
at9d.=      19-40  \ 
31  -68  J 


30| 


50-98 


•om  auarry  +  J  dis- 

dividing  line  =  '305 

'  at  9d.  =     20-75  \ 

32-60/ 


36. 


63-35 


from  quarry  +  J  dis- 
» dividing  linc=  -64 
»t7id.=      18-52) 
32-60 


Be, 


51-12 


from  quarry  +  J  dis- 

Jong   road  =  0-50  = 

7Jd.=  17-44  \ 

32-30/ 


Be, 


49-74 


Width  of  Coating 

and  Depth  of 

Metalling. 


18  feet  wide,  4" 
thick. 


14  feet  wide,  one 
stone  thick. 


14  feet  wide,  one 
stone  thick. 


Quantity  of 
Metalling  re- 
quired in  ton& 


1760x1-12 

=  1972x6 
=  11832 -r  8 

=  1479 


1760x0-69 

=  1214x4§ 
=  5665-2-14 

=  404 


1760x0-81 

=  546x41 
=  2548  +  14 

=  182 


18  feet  wide,  3" 
thick. 


18  feet  wide,  3" 
thick. 


18  feet  wide,  4" 
thick. 


1760  X  -61 

=  1073x6 
=  6438  +  11 

=  586 


1760x1-27 

=  2235  x  6 
=  13410  +  11 

=  1219 


1760x1-00 

=  1760x6 
=  10560  +  8 

=  1320 


Price  per 
ton  con- 
solidated. 


«.     (L 


4    Oi 


4    If 


4    8 


4    5i 


4     8 


4     IJ 


Cost  of 

each 

Section. 


Total  Cost 


£  8.  d. 


298    0    4 


88  14  11 


39    3     6 


180    0    4 


259    0    9 


273    12  6 


Total  for  Division from  A to  B. 


£1088  2  4 
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one  track,  the  surface  of  the  road  immediately  under  the  line  of  the  wheeb 
becomes  depressed,  or  is  worn  hollow.  To  repair  a  road  in  this  condition 
it  is  only  necessary  to  run  two  cuts  with  the  scarifying  machine  on  either 
side,  and  sprinkle  some  fresh  metalling  on  the  loosened  portions,  and  with 
watering  and  rolling  a  hard  surface  is  obtained. 

The  cost  of  this  work,  including  metalling  at  48.  per  ton,  is  X7  to  XIO 
per  mile. 

884.  Old  and  New  Systems  of  Maintenanoe  Compared. — ^The  different 
methods  of  performing  the  repairs  necessary  to  main  tain,  a  road  in  good 
condition  have  been  described,  and  the  cost  of  carrying  out  the  work 
detailed.  It  is  now  necessary  to  make  a  comparison  from  a  financial  point 
of  view  between  the  old  system  of  spreading  the  metal  in  patches  and 
forcing  the  wheel  traffic  to  consolidate  the  macadam,  and  the  method  of 
coating  to  a  full  width  long  stretches  of  a  road  and  consolidating  the 
metalling  by  steam-rolling. 

Three  different  cases,  among  many  others,  taken  from  the  author's 
experience,  and  which  are  typical  of  what  is  met  with  in  daily  practice,  will 
be  given  of  roads  under  varying  conditions  of  traffic  and  quality  of  material 
used  for  repairs. 

(a)  In  the  first  case  the  road,  previous  to  being  rolled,  was  repaired  with 
a  very  hard  material  over  which  passed  a  considerable  amount  of  traffic, 
principally  agricultural,  and  confined  practically  to  a  few  months  during 
the  winter  season.  On  an  average,  spreading  the  amount  of  traffic  over  the 
twelve  months  it  is  equal  to  4200  tons  per  yard  of  width  of  road  per  annum. 
This  road  may  be  characterized  as  being  situated  on  easy  gradients  with  good 
surface  and  subsoil  drainage ;  in  other  words,  a  particularly  well  situated  road. 

(6)  In  the  second  case,  the  road  was  repaired  with  macadam  of  a  hard 
description  previous  to  being  rolled.  It  is  for  the  most  part  comparatively 
level  longitudinally,  resting  on  a  stratum  of  retentive  clay ;  consequently 
the  drainage  is  sluggish.  The  wheel  traffic  passing  over  this  road  is  equal 
to  6000  tons  per  yard  of  width  of  road  per  annum,  and  is  fairly  well 
divided  between  the  winter  and  summer  months. 

(c)  The  third  road  under  review  has  a  gentle  undulating  surface 
throughout,  while  the  traffic  over  it  is  light  and  principally  confined  to  the 
summer  months.  It  was  repaired  with  metalling  of  a  nature  varying  from 
hard  and  tough  to  that  of  a  highly  acid  composition. 

Road  A. — The  cost  of  maintaining  this  road,  carried  out  by  patching, 

taking  the  average  annual  expenditure  per  mile  over  a  period  of  ten  years, 

was  as  follows : — 

Labour,  including  spreading  the  metalling,  siding,  scraping, 

cleaning,  etc £24    2    0 

Metalling  (hand  broken), 82    1    8 

Total, £56    8    8  per  mile. 
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The  period  to  which  the  cost  of  maintenance  refers  was  1880-90,  since 
which  time  the  cost  of  road  metal  and  labour  has  advanced  considerably, 
while  the  wheel  traffic  has  increased  to  a  great  extent.  This  latter  item 
cannot  be  given,  from  a  money  point  of  view,  with  any  accuracy,  but  £5 
per  mile  per  annum  might  meet  the  case ;  the  cost  of  labour  has  advanced 
12  per  cent,  and  that  of  road  metal  8  per  cent.  The  cost  per  mile  given  at 
p.  302,  namely,  £56*17,  will  therefore  be  increased  to  £66*38  as  the  figure 
requisite  for  comparison  at  the  present  time. 

The  annual  consumption  of  macadam  was,  taking  the  average  over  a  similar 
period,  140  cubic  yards  or  155  tons  per  mile,  and  the  cost  of  metalling  deposited 
in  dep6ts  at  roadside  on  an  average  4s.  7d.  per  cubic  yard.  The  relative 
cost  of  labour  and  material  to  the  combined  expenditure  was,  therefore, 
41  per  cent,  in  the  case  of  the  former,  and  59  per  cent,  in  that  of  the  latter. 

The  roadway  is  18  feet  wide  between  the  sod  borders,  but  only  15  to  16 
feet  of  metalling  constitutes  the  road  proper. 

A  cubic  yard  of  ordinary  2J-inch  gauge  metalling,  including  the  small 
material  inseparable  from  unscreened  hand-broken  macadam,  will  cover  an 
area  of  from  27  to  31  square  yards  according  to  the  proportion  of  small 
stuff  to  the  maximum  sized  stones,  but  29  square  yards  may  be  taken  as  an 
average.  The  number  of  square  yards  covered  per  annum  was  therefore 
4060,  which  is  nearly  one-half  of  the  total  area  of  the  surface  on  one  mile 
of  road  of  the  width  stated. 

A  portion  of  this  road  was  repaired  sixteen  years  ago  by  a  continuous  coat 
of  metalling  14  feet  wide,  and  steam-roUed.  The  material  for  carrying  out 
the  repairs  was  taken  from  the  same  quarry ;  consequently  the  quality  in 
either  case  was  practically  the  same.  The  average  thickness  of  the  coating 
was  three  inches,  the  quantity  of  metalling  applied  being  780  tons  per  mile, 
or  five  times  the  annual  quantity  previously  applied  on  the  patching  system. 

The  cost  of  carrying  out  this  work,  including  quarrying,  breaking  the 
macadam  by  machine,  haidage  by  team  labour^  and  consolidating  the 
metalling  by  steam-rolling,  amounted  to  £156,  14s.  3d.  per  mile,  or  nearly 
three  times  greater  than  the  sum  previously  expended  annually.  This  is  at 
the  rate  of  4s.  per  ton  of  material  consolidated. 

1890.        Cost  of  coating  with  metal  and  rolling,  average  per  mile,  £156*78 

1897-8.          ,,     refacing  where  necessary,    .        .          do.  .        .  42*50 
1899-1900.     ,,      coating  level    portions  of  road   and    refacing 

remainder,      ....          do.  101*87 

1904.              „     coating  and  rolling  full  width  and  length,   do..  148*37 

£444*47 
Surface  work  up  to  1909  (probable  life  of  road) =19  years  at 

£8*15  per  mile  (actual  cost  at  present  time)  =  .        ^  .        154*85 

(years)  19  -f         .      £599*82 

Cost  per  mile  per  annum,    .        •        •       £81*54 
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This  stretch  of  road  has  been  repaired,  by  coating  and  steam-rolling,  at 
various  times  since  1890,  and  the  foregoing  figures  represent  the  actual  cost 
of  these  operations  to  the  present  time. 

These  figures  represent  the  annual  cost  of  the  method  of  maintenance  of 
one  mile  of  road,  or  52*5  per  cent,  decrease  in  the  former  expenditure.  The 
difference  in  the  expenditure  in  the  years  1890  and  1904  is  brought  about 
by  the  lessened  cost  of  production  by  using  power  rock  drills  in  quarrying, 
and  in  hauling  the  material  by  steam  traction. 

In  these  figures  interest  on  the  initial  outlays  is  not  taken  into  account, 
as  it  is  quite  apparent  that  after  four  years  the  saving  effected  more  than 
compensates  for  this  charge. 

Road  B, — The  annual  expenditure  on  this  road,  taken  as  in  the  preceding 

case  over  a  similar  period,  namely,  ten  years  previous  to  coating  and  rolling, 

was  on   an   average  £74,  18s.  6d.  per  mile.     The  quantity  of  metalling 

applied  each  year  was  208  cubic  yards  or  231  tons  per  mile,  the  price  of 

which,  laid  down  in  dep6ts  at  the  road-side,  was  4s.  lid.  per  cubic  yard. 

The  respective  figures  for  maintenance   per    mile  per   annum    were  as 

follows : — 

Labour,  etc., £24    0    0 

Metalling, 50  18    6 

Total, £74  18    6 

These  two  items,  therefore,  bore  a  proportion  to  the  combined  cost  of 
68  per  cent,  for  road  metal,  and  32  per  cent,  for  manual  labour. 

The  width  of  the  roadway  varies  from  15  to  18  feet,  while  16  feet 
may  be  taken  as  representing  the  average  width,  so  that  with  the  quantity 
of  metalling  stated  fully  64  per  cent,  of  road  surface  was  coated  each  year. 

As  in  the  former  case,  the  cost  of  maintenance  if  carried  out  at  the 
present  time  would,  allowing  for  the  increase  of  wages  and  cost  of  metal, 
amount  to  £88*12  per  mile  per  annum. 

This  road  has  been  repaired  by  coating  and  rolling  at  different  times  since 
the  year  1892.  The  average  quantity  of  metal  applied  was,  in  the  years 
1892,  1900,  and  1903,  1083  tons  per  mile;  the  actual  cost  of  maintenance 
up  to  the  present  time  being  as  follows  : — 

1892.  Cost  of  metalling  and  rolling,  average  i>ermile,  £213*90 

1896.         ,,      refacing  and  rolling,                  ,,  91*18 

1900.         ,,       metalling  and  rolling,               „  285*20 

1903.          „               „                     „                     „  322*44 

£852-72 
Surface  work  up   to  present  time  (1906)  =  14  years  at 

£17*6  per  mile= 245*00 

14  years  -5-        .    £110772 
Cost  per  mile  per  annum,     .        .        .        £79*12 
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This  represents  the  comparative  cost  of  maintenance  on  one  mile  of 
road,  being  a  saving  of  10  per  cent,  per  mile  per  annum. 

The  wheel  traffic  on  this  road,  about  three  miles  in  length,  has  increased 
considerably  since  the  year  1899,  and  a  more  durable  material  is  now  used, 
brought  from  a  distance  of  nearly  seven  miles,  hence  the  greater  cost  of  the 
repairs  in  1903  compared  with  that  on  the  previous  occasions.  This  road 
requires  repairing  again,  and  the  material  will  be  brought  from  the  same 
source,  Quarry  No.  11,  p.  121.  The  haulage,  however,  will  be  performed  by 
engines  and  wagons,  and  thus  effect  a  saving  on  this  item  of  expenditure  of 
£53  per  mile  of  road  repaired. 

Road  C. — In  the  third  case  referred  to,  the  wheel  traffic  was  of  a  light 
description  and  principally  confined  to  the  touring  months  in  summer ;  the 
annual  consumption  of  metalling,  which  was  of  a  good  quality,  being  on  an 
average  for  a  similar  period  as  in  the  preceding  cases,  35  cubic  yards  or 
39  tons  per  mile  per  annum,  while  the  actual  expenditure  on  maintenance 
for  a  like  distance  and  time  was  £13,  15s.  6d. 

The  proportion  of  the  material  and  labour  to  the  combined  cost  was 
51  per  cent,  for  the  former  and  49  per  cent,  for  the  latter,  the  price  of 
the  macadam  being  4s.  per  cubic  yard  deposited  in  dep6ts  at  the  road-side. 

The  cost  of  maintenance  by  the  patching  system  detailed  above  would 
at  the  present  time  be  £23*25  per  mile  per  annum.  This  line  of  load, 
over  ten  miles  long,  was  coated  with  metalling  and  rolled  sixteen  years  ago. 
The  surface  has  been  repaired  and  rolled  at  various  points  during  that 
period ;  the  whole  length  being  repaired  a  second  time,  and  portions  a  third 
time.     The  total  cost  up  to  the  present  is  as  follows  : — 

1890.  Cost  of  metalling  and  rolling,  average  per  mile,  £62*00 

1896.               „                   „               (portions  only),  78-35 

1900.              „                   „               average  per  mile,  55*25 

1905.              „                   „               (portions  only),  145*40 

£341  00 
Sur&ce  work  up  to  1908  (probable  time  for  farther 
repairs)  =  18  years  at  £4*5  per  mile  =       .        .        .  81*00 

(years)  18  -J-         .      £422  00 
Cost  per  mile  per  annum,    .        .        •        £23*44 

This  does  not  show  any  reduction  in  the  cost  of  the  annual  maintenance 
by  steam-rolling,  as  greater  quantities  of  metal  have  been  applied  and  the 
bermes  or  water  tables  *  filled  up '  to  widen  and  strengthen  the  road.  The 
traffic  in  this  stretch  of  highway  has  increased,  during  the  last  ten  years, 
very  considerably,  especially  motor-car  traffic,  consequently  the  proportionate 
expenditure  on  this  account  cannot  be  given  with  any  degree  of  accuracy. 
The  indirect  saving  to  those  using  this  road  must  be  considerable ;  while 
mud  and  dust  being  reduced  to  a  minimum,  greater  comfort  is  experienced 
by  travellers  compared  with  the  former  conditions. 
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This  road  forms  a  part  of  one  of  the  leading  routes  for  motor-car  traffic 
through  Fifeshire.  Even  in  this  cose  a  sufficient  plea  is  pro/ided  for 
carrying  out  rolling  operations  even  when  the  annual  consumption  of 
materials  for  repairs,  by  the  old  or  patching  system,  only  amounts  to  35 
cubic  yards  per  mile  of  road. 

835.  Conclusions  arrived  at  from  the  preceding  CompariBons. — ^From 
the  particulars  stated  in  the  preceding  paragraphs,  referring  to  the  cost  of 
repairs  on  existing  roads  under  different  conditions,  it  is  evident  that  main- 
taining them  on  the  principles  advocated,  namely,  obtaining  the  materials 
and  performing  the  work  by  the  use  of  modern  mechanical  appliances,  spread- 
ing the  metalling  in  continuous  coatings  and  steam-rolling,  provides  a  road 
not  only  uniform  and  smooth,  but  one  which  is  equally  good  and  service- 
able at  all  times.  The  comparative  absence  of  loose  stones,  dust  in  dry 
weather,  and  mud  after  a  fall  of  rain,  greatly  reduces  the  tractive  efforts 
required  by  horses  hauling  loads,  and  these  conditions  are  of  considerable 
moment  to  all  who  have  occasion  to  use  the  highways.  The  economy 
of  the  methods  of  working  enumerated  in  the  preceding  chapters  (the 
results  of  which  have  been  pointed  out  in  detail)  are,  the  author  con- 
siders, conclusive,  even  on  roads  where  the  necessary  annual  outlay  or 
the  quantity  of  metalling  used  on  the  patching  system  is  relatively  small. 
The  method  of  consolidating  the  road-stones  described  in  the  preceding 
pages  is  now  that  generally  adopted,  although  in  many  instances  the  old 
system  of  compelling  the  wheel  traffic  to  run  in  the  patches  of  metal  still 
exists.  Continuous  coatings  the  full  width  of  the  road  are  desirous,  which, 
apart  from  other  considerations,  tend  to  effective  and  economical  mainten- 
ance, providing  the  work  is  carried  out  in  a  proper  manner  and  thoroughly 
consolidated  by  rolling.  Fig.  127  illustrates  Aveling  &  Porter's  most 
recent  design  of  their  15-ton  compound  road-roller. 

The  difference  in  first  cost,  compared  with  the  ultimate  economy 
and  success  of  the  work,  by  using  a  suitable  class  of  material,  compared  with 
that  of  employing  an  inferior  class  of  stones  obtained  locally,  warrants  most 
careful  consideration.  Experience  has  proved  that  the  cheapest  material 
is  not  always  to  be  recommended,  as  quality,  although  generally  involving 
greater  cost  by  reason  of  the  longer  haulage,  is  of  more  importance ;  and 
the  ultimate  durability  and  economy  of  maintenance  may  be  secured  by 
employing  only  the  best  material  which  can  be  procured. 

336.  Surfacing  Eoads. — The  manual  labour  in  connection  with  the 
maintenance  of  the  surface  of  a  road  consists  of  scraping  the  surface  during 
wet  weather,  siding,  cleaning  side  and  outlet  channels,  repairing  footpaths, 
etc.,  the  labour  connected  with  which  is  augmented  when  the  material  for 
repairs  is  spread  in  patches  to  be  consolidated  by  the  wheel  traffic,  and 
gathering  loose  stones  during  dry  weather. 

The  cost  of  these  two  latter  items  amounts  to,  on  an  average.  Is.  3d.  per 
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cubic  yard  in  cases  where  over  50  cubic  yards  are  applied  per  mile  per 
annum ;  to  Is.  6d.  when  the  average  quantity  is  under  that  stated.  These 
figures  are,  however,  at  times  considerably  augmented  under  abnormal 
conditions  of  weather  and  other  causes. 

The  annual  cost  of  manual  labour  per  mile,  allowing  for  increase  in  cost 
of  labour  since  1890,  in  the  three  instances  already  detailed,  previous  to  the 
roads  being  repaired  by  continuous  coatings  of  metal  and  steam-rolled  and 
the  subsequent  actual  expenditure  for  surface  work,  may  be  here  tabulated. 

Tablb  XXXVII. 

RcMid  ^  (1)  Manual  labour  or  surface  work  when  the  road  was  repaired  by 

applying  metal  patches, £27*0 

„    ,,  (2)  Do.    do.    subsequent  to  the  road  being  repaired  by  continu- 
ous coatings  of  metal  and  steam-rolled 8*15 

Difference, £18*85 

Road^  (1)  Do.    do £27*0 

„    „  (2)   Do.    do 17-6 


Difference, £9*5 


RoadC  (1)  Do.    do. £8'92 

„    ,,  (2)  Do.    do. 5*50 

Difference, £1*42 

The  difference  in  cost  for  surface  work  on  these  roads  amounts  to  about 
50  per  cent.,  which  represents  a  saving  in  the  subsequent  maintenance 
in  favour  of  rolled  roads. 

From  the  foregoing  figures,  taken  from  actual  practice,  it  is  obvious  that 
the  greater  the  quantity  of  material  necessarily  employed  to  maintain  a 
road  in  a  satisfactory  condition,  or,  in  other  words,  where  the  exigencies  of 
the  traffic  demand  a  large  quantity  of  metalling,  the  process  of  rolling  com- 
pared with  traffic-consolidated  roads  clearly  shows  most  decided  economical 
residts.  The  indirect  saving  must  also  amount  to  a  considerable  sum  in  each 
year  in  the  reduced  wear  and  tear  caused  to  horses,  veliicles,  and  harness. 

887.  Tar  Macadamizing  or  Tarring  Roads. — One  of  the  most  pressing 
questions  at  the  present  time  is  the  change  which  it  is  absolutely  necessary 
to  adopt  in  the  making  of  macadamized  roads  in  order  to  suit  the  altered 
conditions  of  the  traffic  passing  over  them.  The  advent  of  steam  rolling  and 
the  application  of  the  best  wear-resisting  materials  in  repairing  roads  were 
an  advance  on  previous  methods  of  incalculable  benefit  to  all  users  of  the 
highways.  In  recent  years  a  more  extended  use  of  the  roads  has  been  made 
in  this  country;  and  the  employment  of  traction  engines  with  wagons 
and  heavy  motor  vehicles  for  conveying  produce  and  merchandise,  and  also 
the  greater  use  of  fast-travelling  motor  cars,  demand  that  ^m^  tsl^^xa  \^ 
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adopted  for  protecting  and  improving  the  road  surfaces,  thus  making  them 
more  resistant  against  the  greater  amount  of  wear  created  by  the  increasing 
new  form  of  traffic.  There  can  be  no  doubt  that  in  a  great  many  instances 
formerly,  inferior  road  materials,  procured  from  local  sources,  were  used, 
which  gave  bad  results  and  were  generally  pronounced  in  mud  and  dust- 
producing  proclivities. 

By  using  such  materials  for  repairing  roads,  it  is  not  to  be  wondered  at 
that  the  increasing  and  the  new  forms  of  traffic  have  made  demands  on  those 
responsible  for  road  management  for  improved  conditions.  Even  in  districts 
where  the  necessity  of  employing  the  best  materiab  obtainable  and  of 
practising  approved  methods  of  construction  were  not  only  anticipated,  but 
actually  carried  out  in  view  of  such  altered  conditions  becoming  general, 
the  results  have  been  entirely  satisfactory ;  nevertheless,  further  improve- 
ment is  necessary.  In  the  first  edition  of  this  work  it  was  mentioned  that 
in  view  of  motor-car  traffic  some  alteration  or  improvement  in  the  binding 
used  would  be  imperative,  in  order  to  maintain  the  surface  of  the  roads  in 
an  efficient  state.  It  is  evident,  however,  that  notwithstanding  the  appli- 
cation of  the  most  suitable  road-stones  and  the  employment  of  a  binding, 
varying  from  loamy-sand  to  the  more  clayey  description  of  material,  the 
finished  road,  under  abnormal  weather  conditions,  suffers  considerably,  owing 
to  the  cohesion  or  cementitious  qualities  of  the  added  material  being  non- 
efficient.  Even  in  a  normal  state,  under  the  altered  and  varying  conditions 
of  traffic,  ordinary  binding  material  is  not  as  satisfactory  as  could  be  desired, 
and,  sooner  or  later,  the  internal  abrasion  of  the  road-stone  coating  takes  place, 
destroying  the  angles  of  the  metal.  The  normal  conditions  under  which  the 
wear  of  a  macadamized  road  presented  itself  formerly,  in  regard  to  traffic, 
were  such  that  the  disturbing  element  generally  did  not  exist  to  the  same 
extent  compared  with  the  conditions  which  obtain  at  the  present  time. 

The  altered  circumstances,  therefore,  must  be  studied  from  the  point  of 
view  that  the  surface  of  macadamized  roads  must  be  made  to  withstand  the 
weights  now  permitted  upon  them,  and  the  effects  produced  by  high-speed 
motor  cars  under  varying  climatic  conditions.  Tar-macadam  has  been  laid 
as  a  pavement  in  many  towns — in  Nottingham  for  as  long  as  forty  years;  but 
the  cost  would  appear  to  make  its  application  to  county  roads  on  a  large 
scale  prohibitive. 

Many  proposals  have  been  made,  while  road  engineers  have,  for  many 
years  past,  been  endeavouring  by  various  methods  to  achieve  the  end  in 
view,  a  matter  of  paramount  importance.  The  most  successful  system  is 
the  method  of  tarring  furnace  slag,  introduced  by  E.  P.  Hooley,  and 
known  as  Tar-Mac.  The  process  of  preparing  this  road  material,  as  in 
most  cases  of  tar-macadam,  is  to  thoroughly  dry  the  stones  by  heating, 
and  then  applying  hot  tar  and  mixing  thoroughly.  It  is  essential  that 
all  dampness  be   expelled  from  the  road-stones  to  be  used,  by  artificial 
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heating  on  iron  platea,  care  being  exercised  not  to  push  this  too  far,  other- 
wise the  material  may  become  calcined,  and  consequently  be  of  little  use 
in  resisting-properties  for  road  work. 

Limestone  has  hitherto  been  extensively  used  and  selected  for  tar-mac- 
adam presumably  on  account  of  its  absorbent  properties,  while  recently,  dense 
blast-furnace  slag  of  the  best  quality,  a  harder  and  comparatively  better 
wearing  material  for  similar  reasons,  has  been  adopted.  Limestones  are  more 
or  less  absorbent,  and  the  oil  in  tar  may  find  its  way  into  the  pores  of  the 
stone ;  but  it  is  doubtful  if  the  tough,  binding  properties  of  tar  penetrate 
either  limestone  or  slag  unless  they  are  of  a  soft  or  spongy  nature,  and 
these  conditions  are  inconsistent  with  good  wearing  qualities.  In  the  same 
manner  igneous  rocks,  especially  dolerites,  the  constituent  minerals  of  which 
are  decomposed,  absorb  the  naphtha  contained  in  tar.  In  road  materials  of 
a  close-grained  texture  little  or  no  penetration  can  possibly  take  place; 
surface  adhesion  only  can  be  relied  on,  and  those  road-stones  which  break 
with  a  rough  fracture  are  preferable  for  tar-macadamizing  purposes. 

The  heating  of  the  stones  and  the  subsequent  labour  entailed  in  prepar- 
ing and  storing  the  materials,  although  the  mixing  operations  are  now  carried 
out  by  machinery,  involve  considerable  expenditure  before  the  treated 
stones  can  be  spread  on  a  road  and  consolidated  by  rolling.  Tar-mac  has  been 
extensively  used  in  populous  places  and  is  giving  satisfactory  residts,  even 
on  roads  subjected  to  considerable  traffic,  including  omnibuses  and  traction 
engines.  Although  the  first  cost  of  this  prepared  material  is  comparatively 
high,  its  increased  durability  over  ordinary  macadam  compensates  to  a  certain 
extent  for  this,  while  a  road  so  constructed  presents  a  hard  and  smooth 
surface  which  is  practically  impervious.** 

Other  means  of  attaining  this  object,  or  tar-macadamizing,  may  be  accom- 
plished by  applying  hot  tar  to  the  metalling  after  it  has  been  spread  on  the 
road.  This  is  carried  out  by  pouring  the  tar  from  buckets,  or  by  hand- 
sprinkling  ;  the  object  being  to  grout  the  road-stones  after  the  coating  is 
partially  rolled,  and  finishing  the  surface  by  spreading  dust  or  rock  chippings 
over  it  to  prevent  the  tar  adhering  to  the  wheels  of  vehicles.  Undoubtedly, 
this  is  a  step  in  advance  in  treating  macadamized  roads ;  but  the  inherent 
difficidty  of  this  method  is  to  obtain  a  uniform  application,  and  of  prevent- 
ing a  large  quantity  of  tar,  which  is  very  mobile  when  in  a  hot  condition, 
Teaching  the  bottom  of  the  metal  coating.  Such  irregular  applications  will 
•ooner  or  later  affect  the  work,  and  the  tar  will  become  sticky  and  trouble- 
some in  hot  weather,  and  probably  bring  about  disintegration. 

The  application  of  boiling  tar  on  cold  road-stones  also  deserves  con- 

*  The  principles  which  govern  the  manufacture  of  tar-mac  are  similar  to  those 
which  are  kept  in  view  in  the  latest  methods  of  tarring  roads,  which  have  as  their  object 
the  penetration  of  the  surface,  and  the  binding  of  the  parts  together  to  form  an  ica^x- 
meaUe  mr&oe. 
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sideration,  as  in  many  cases  it  will  be  found  that  the  tar  is  chilled^  which 
condition  renders  it  liable  to  peel  off  the  stones.  A  system  of  top-dressing 
macadamized  roads  after  being  consolidated  in  the  ordinary  way  is  practised 
in  the  Highland  district  of  Perthshire.  This  is  carried  out  after  the  road 
is  dry,  and  consists  of  the  small  chips  or  screenings  from  the  stone-breaker, 
previously  treated  with  tar,  being  spread  over  the  surface  and  rolled,  and 
has  given,  so  far,  fairly  good  results. 

lliese  methods  of  treating  macadamized  roads  with  tar  have  been 
practised  for  years  past  in  Canada  and  Australia,  and  also  in  the  U.S.A. 

The  great  difficulty  hitherto  experienced  has  been  the  application  of 
the  tar.  Being  of  a  viscous  nature,  it  is  impossible  to  use  it  in  a  cold  state 
with  ordinary  appliances.  A  heating  apparatus  is,  therefore,  necessary  for 
its  application,  either  when  treating  the  roadnstones  for  subsequent  use  or 
for  in  situ  work.  This  necessarily  involves  considerable  expenditure,  and 
augments  the  cost  [)er  ton  of  metal  applied. 

It  is  absolutely  nectssary  that  the  tar  should  be  matured  or  refined 
before  using,  as  the  light  oils  and  ammoniacal  liquor  are  deleterious  elements. 
It  is  also  essential  that  the  tar  should  contain  a  sufficient  amount  of 
binding  or  viscous  ingredients,  which  otherwise  would  be  deficient  in  tough- 
ness. Tar  varies  very  much  in  quality  at  different  gasworks  where  it  is 
produced,  and  even  to  a  great  extent  at  the  same  works.  Gk>od  and  poor 
qualities  of  tar  are  apparently  quite  common,  and  cheniical  analysis,  so  far, 
has  not  been  able  to  differentiate  between  them.  Undoubtedly,  very  good 
results  have  been  obtained  on  many  tar-macadain  roads,  while  work  of  a 
similar  nature  has  sometimes  proved  far  from  successful.  The  nature  of  the 
road-stone  may  to  a  certain  extent  account  for  this,  but  it  is  the  general 
experience  that  the  quality  of  the  tar  demands  careful  consideration. 
Certain  varieties  of  rock  used  as  road-stones,  although  very  successful  under 
ordinary  circumstances,  do  not,  from  their  mineralogical  aggregation,  satisfy 
the  conditions  for  tar-macadamizing.  Road-stones,  especially  of  the  dolerite 
variety  of  rocks,  which  posses?  a  rough  fracture,  and  which  have  l)een  more 
or  less  discarded  in  favour  of  better  wear-resisting  material,  are,  owing  to  this 
peculiarity,  better  adapted  to  retain  the  tar  coating.  These  descriptions 
of  road-stones  bind  better  and  form  a  homogeneous  mass,  and,  therefore, 
eliminate  internal  wear  of  the  metal  coating.  On  the  other  hand,  road-stones 
composed  of  large  crystals  of  quartz  cannot  reasonably  be  expected  to  prove 
successful  materials  when  treated  with  tar. 

The  application  of  tar  to  macadamized  roads  has  occupied  the  author's 
attention  for  many  years,  and  various  methods  of  applying  it  have  been 
tried  with,  generally  speaking,  beneficial  results,  but  in  a  manner  and  at 
a  cost  which  would  not  warrant  its  general  introduction.  Further  con- 
sideration of  the  matter  showed  that  if  tar  could  be  applied  in  the  form 
of  a  fine  spray   in  re-coating  operations,  the   object  aimed  at  would  be 
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attained.  By  such  means,  the  ordinary  method  of  applying  water  and  some 
form  of  earthy  binding  material  would  be  dispensed  with  and  a  practically 
waterproof  road  formed  which  would  reduce  mud  and  dust  to  a  minimum. 
The  results  of  these  experiments,  favourable  in  most  particulars,  led  the 
author  to  devise  an  apparatus  for  spraying  tar,  either  in  a  hot  or  cold  state, 
into  the  newly  spread  coating  and  so  act  as  a  matrix  or  binder  instead  of 
using  water  and  a  binding  material.  This  apparatus  has  been  in  operation 
for  some  considerable  time,  and  satisfies  the  necessary  requirements. 

The  principle  on  which  the  apparatus  works  is  pneumatic,  by  which 
means,  tar  in  a  cold  state  can  be  sprayed  in  a  highly  diffused  form  and  in 
varying  quantities  according  to  requirements.  This  pneumatic  tar-spraying 
apparatus  can  be  fitted  on  to  existing  water-carts  or  vans,  as  shown  in 
figs.  128  and  129,  a  description  of  the  details  being  given  in  a  footnote 
accompanying  the  diagrams. 

In  operating  this  apparatus  it  is  necessary,  in  the  first  place,  to  pump 
air  into  the  receiver  to  a  pressure  of  from  100  to  150  lbs.  per  square  inch, 
depending  on  the  viscosity  of  the  tar,  before  forcing  the  tar  into  it  from  the 
tank.  In  order  to  obtain  this  pressure  it  is  necessary  to  travel  the  vehicle 
for  some  time  along  the  road,  or  it  may  be  accomplished  by  lifting  the 
wheels  clear  of  the  ground  and  attaching  a  driving  belt  to  a  road-roller 
or  traction  engine.  Once  the  necessary  pressure  is  attained  it  remains  con- 
stant, and  the  machine  is  at  all  times  ready  for  working,  and  when  the  desired 
pressure  is  registered  the  valve  is  adjusted  so  as  to  pump  in  tar,  or  tar 
and  air,  from  the  tank  into  the  receiver.  When  the  latter  is  about  half- 
filled  with  tar  the  pressure  will  rise  to  from  200  to  250  lbs.  per  square 
inch,  when  the  apparatus  is  ready  for  spraying  the  tar.  The  outlet  valve 
may  be  regulated  to  give  an  exceedingly  fine  spray,  or  a  larger  quantity  may 
be  applied  by  opening  it  to  three-quarters  or  full  cock.  The  supply-regulat- 
ing valve  must  be  so  adjusted  that  the  quantity  of  tar  pumped  into  the 
receiver  will  equal  the  amount  of  tar  being  sprayed  on  to  the  road.  The 
metalling  is  not  rolled,  in  the  first  instance,  as  in  the  ordinary  system  of 
consolidating  the  material,  the  object  being  to  cover  all  the  surfaces  of  the 
road-stone  with  a  film  of  tar  previous  to  consolidation.  This  is  carried  out 
by  passing  the  spraying  machine  over  the  loose  metal  once  in  either  direction, 
which,  combined  with  the  great  pressure  exerted  in  forcing  the  tar  through 
fine  spraying  nipples,  ensures  the  whole  mass  of  stones,  to  a  depth  varying 
from  3  to  5  inches,  being  equally  treated.  The  fineness  of  the  spray  secures 
equal  distribution,  and  the  pressure  forces  it  well  into  the  metal  coating. 

After  a  length  of  from  30  to  50  yards,  of  fuU-width  coating,  has  been 
sprayed  with  tar,  a  light  layer  of  small  chips  is  applied  to  assist  in  filling 
the  interstices,  especially  at  the  siurface.  The  author,  in  using  2-  to  2^-inch 
gauge  road-stone,  finds  this  necessary  to  make  a  solid  and  homogeneous 
mass.     With  road-stones  of  a  smaller  size— 1-inch  gauge^  tot  \TA\A.Tkni^ — ^^<^ 
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necessity  of  applying  chips  is  not  essential  for  efficient  consolidation.  The 
main  point  is  to  use  as  little  tar  as  is  consistent  with  proper  binding  and  to 
apply  chips,  if  necessary,  so  that  the  insterstitial  vacant  spaces  will  be 
filled  with  as  much  hard  material  as  possible.  When  the  coat  of  metalling 
has  been  thoroughly  rolled  the  spraying  machine  traverses  the  road  and 
sprays  the  surface,  one  turn  generally  being  sufficient.  A  thin  coating  of 
very  fine  chips  and  dust  from  a  stone-breaking  machine  is  then  spread  uni- 
formly over  the  surface  and  finished  by  further  rolling.  No  sweeping  is 
necessary  by  this  method  of  construction,  therefore  a  considerable  saving 
is  effected  in  labour  and  the  cost  of  brooms.  Two  or  three  men  only, 
according  to  the  conditions  of  the  work,  are  required  to  rake  into  position 
or  add  more  metal  and  apply  the  chips  when  necessary. 

There  is  seldom  any  necessity  for  applying  fresh  material  during  rolling 
operations  to  make  up  depressions,  experienced  in  the  ordinary  method  of 
working  through  the  old  surface  being  softened  by  watering  and  the  dis- 
placing action  caused  by  the  brooms  in  sweeping  over  the  road-stones. 

The  amount  of  tar  necessary  to  properly  coat  the  road-stones  for  every 
ton  of  metal  applied,  varies  according  to  the  size  of  the  material  used  and 
the  quality  of  the  tar,  but  from  4  to  6  gallons  may  be  considered  sufficient 
under  ordinary  circumstances.  This  quantity  of  tar  would,  therefore,  with 
a  3^-inch  coat  of  metal,  be  equal  to  0*56  of  a  gallon  per  square  yard  of 
road  covered. 

The  initial  cost  of  making  roads  by  this  system  is  greater  than  by  the 
ordinary  method.  The  material  after  consolidation,  however,  becomes  a 
homogeneous  mass,  and  internal  friction  or  abrasion  is  eliminated.  The  pro- 
longation of  the  durability  of  a  road  so  made  will  be  greater,  probably  doubled, 
compared  with  the  ordinary  method  of  construction,  consequently  ultimate 
economy  will  be  promoted.  The  surface  of  a  tarred  road  is  practically  water- 
proof, and  the  elimination  of  dust  and  mud,  or  their  reduction  to  a  minimum, 
would  alone  be  sufficient  to  justify  the  general  application  of  tarred-macadam. 

The  cost  per  day  of  carrying  out  the  work  in  the  manner  described  for 
consolidating  130  tons  of  metal  each  day  is  as  follows: — 

Table  XXXVIII. 

Engineman,        ••....• 

One  man,  at 

Two  men  at  3s.  6d.,   ...... 

Tar,  5  gallons  per  ton  =  650  gallons  at  2d. , 
Two  horses  for  tar  tanks,  8s.,     . 

Coals,  oil,  etc., 

Depreciation,  etc. ,  on  engine  carts,     . 

130  tons  -f 


£ 

8, 

d. 

0 

4 

0 

0 

4 

2 

0 

7 

8 

5 

8 

4 

0  16 

0 

0 

2 

9 

0 

3 

6 

£7 

5 

9 

13*46  veiko^\«t 

ViTu 
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It  will  be  observed  that  the  hire  of  two  horses  is  charged  for,  bat  in 
most  instances  one  horse  only  is  required.  The  cost  of  spreading  the  road- 
stones  and  chips  being  the  same  in  either  case,  it  is  unnecessary  to  take 
these  items  into  account  in  making  a  comparison.  On  referring  to  p.  242  it 
will  be  seen  that  the  cost  of  consolidating  the  metal  by  the  ordinaiy 
methods  is  7 '63d.  per  ton,  or  about  6d.  less  than  when  tar  is  used.  The  cost 
of  tarring  and  rolling  a  3  J-inch  coat  of  metal  is,  therefore,  1  'Si  per  square 
yard.  On  a  road  16  feet  in  width,  the  additional  cost  by  using  tar  would 
be  £26*08  per  mile  over  the  ordinary  method  when  water  is  obtained  free 
of  charge.  On  a  similar  road,  but  using  6  gallons  of  tar  per  ton  of  metal 
applied,  instead  of  5  gallons,  the  cost  would  be  £35*16  per  mile  more 
than  consolidating  macadam  in  the  ordinary  way.  The  amount  of  water 
required  per  ton  of  metal,  by  the  usual  methods  of  consolidation,  is 
about  40  gallons,  and  when  this  has  to  be  paid  for  the  cost  may  be  taken  at 
28.  3d.  per  day. 

The  cost  of  tar  varies  considerably  in  different  localities,  but  the 
quality  is  of  the  greatest  importance,  and  only  the  best  distilled  descriptions 
should  be  used.  The  best  form  of  vehicle  for  spraying  the  tar  is  a  motor 
van  having  a  large  tank  capacity  holding  about  800  gallons,  which  would 
be  more  than  sufficient  for  one  day's  work  in  rolling  the  road-stone  coating. 

The  results  of  the  method  of  construction  or  repairing  roads  described 
in  the  preceding  paragraphs  show  that  the  road  during  and  after  the 
trying  climatic  conditions  of  alternating  frost  and  thaw  presents  a 
smooth,  compact  surface.  The  *  licking  up'  of  the  road-stones  by  the 
wheels  of  vehicles  under  such  conditions  on  ordinary  macadam  is  very 
great,  and  considerable  damage  is  thereby  caused.  On  tar-macadamized 
roads,  however,  experience  shows  that  *  licking  up'  does  not  take  place 
under  these  circumstances,  consequently  economy  is  promoted  by  the 
reduced  cost  of  maintenance. 

The  method  of  flushing  the  tar  over  the  surface,  or  grouting,  requires 
from  7  to  9  gallons  of  tar  for  each  ton  of  road-stones  applied.  This  quantity 
is,  however,  excessive,  and  it  may  become  sticky  and  troublesome  in  hot 
weatlier,  and  may  lead  to  the  disintegration  of  the  surface. 

It  is  essential  that  the  road  metal,  chips,  and  dust  should  be  in  a 
thoroughly  dry  state,  as  moisture  militates  against  good  work  ;  therefore 
rolling  operations  l)y  this  process  can  only  be  undertaken. in  fine  weather. 
The  finished  surface  is  like  asphalt  in  appearance,  and,  while  not  equal  to 
it  in  actual  wear,  has  superior  properties  in  some  respects.  Tar-macadamized 
roads  have  a  certain  amount  of  resilience,  foothold  is  much  better,  and 
they  are  practically  noiseless  compared  with  asphalt  pavements. 

The  reason  why  tarred  macadam,  carried  out  in  a  proper  manner,  is  free 
from  dust  and  mud  and  wears  longer  than  ordinary  macadam,  is  simply 
because  the  frictional  resistance  of  the  stones  is  increased  to  such  an  extent 
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that  internal  motion  and  rubbing  are  prevented,  and  the  tar  and  chips  which 
fill  the  interstices  of  the  metal  coating  prevent  percolation  of  water  and  the 
evils  resulting  from  that  cause.  This  fairly  represents  the  possibilities  of 
this  form  of  construction  or  tar-macadamizing. 

338.  Subsequent  Labour  on  Boiled  Boads. — The  manual  labour  on 
rolled  roads,  that  is,  when  considerable  stretches  are  thus  repaired  at  one 
time,  is  made  up  of  trimming  the  sides,  cleaning  side  channels  and  water 
tables,  opening  outlets,  ditching,  and  occasionally  scraping  the  surface  off 
the  roads  during  wet  weather.  The  length  of  a  section  of  a  road  which  one 
foreman  surfaceman,  with  occasional  assistance,  can  properly  look  after 
when  the  roads  are  repaired  in  patches,  depends  on  the  quantity  of  material 
applied  each  year  and  the  situation  of  the  road.  Where  the  annual  con- 
sumption of  metalling  is  from  200  to  300  cubic  yards  per  mile,  one  fore- 
man can  generally  attend  to  three  miles  of  road,  receiving  assistance  when 
spreading  the  macadam  and  in  scraping  the  surface  during  inclement 
weatlier.  The  length  of  section  may  be  increased  to  five  or  six  miles  when 
the  annual  consumption  of  materials  is  about  40  cubic  yards  per  mile.  On 
rolled  roads  where  the  repairs  are  carried  out  on  the  continuous  coating 
principle,  the  length  of  the  section  under  the  charge  of  one  foreman  can 
be  extended  to  six  or  eight  miles  when  it  is  made  up  of  portions  of  different 
roads  lying  in  convenient  proximity  to  each  other.  The  foreman  should  be 
constantly  employed  on  his  section  of  road  during  the  winter  months  and 
in  wet  weather,  but  during  the  summer  months  his  services,  not  being 
required  in  most  cases  for  surface  work,  may  be  available  in  connection 
with  rolling  or  breaking  operations.  An  occasional  visit,  especially  after 
a  rain-storm,  is  all  that  is  necessary  under  these  improved  conditions  in 
summer.  The  loose  stones  requiring  to  be  removed  from  the  road 
surface  during  dry  weather  when  the  repairs  are  carried  out  on  the 
patching  system,  unless  consolidated  by  the  steam-roller,  occupy  the 
roadmen's  time  to  a  considerable  extent.  On  roads  which  have  been 
efficiently  rolled,  loose  stones  are  the  exception  ;  indeed,  many  roads  require 
little  expenditure  in  this  respect. 

339.  Tools  required  for  Surface  Work.— The  tools  which  each  fore- 
man roadman  should  have  at  his  disposal  are  a  shovel,  spade,  line  and  reel, 
pickaxe,  barrow,  and  a  hand-machine  scraper,  extra  spades  and  shovels  being 
necessary  when  casual  labour  is  employed.  The  spirit-level  and  boning-rods 
formerly  used  by  the  ordinary  roadmen  are  now  employed  only  by  the 
foreman  in  connection  with  the  rolling  operations.  £ven  these  are 
dispensed  with  when  a  thoroughly  experienced  man  is  in  charge  of  the 
work,  except  in  forming  new  water  tables  or  channels,  a  good  eye  being  in 
most  cases  a  sufficient  guide  in  carrying  out  the  work. 

A  hand  scraping  machine  should  be  provided  on  every  roadman's  section, 
and  when  the  extent  of  the  roads  looked  after  by  one  man  exioee^  loxsct  qt^^^ 
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miles,  or  the  exigencies  of  the  traffic  and  situation  of  the  road  demand  it, 
two  or  more  machines  should  be  provided. 

These  machines,  although  not  intended  for  constant  use  on  rolled  roads, 
supplement  the  work  done  on  certain  portions  of  them  by  the  horse  scraping 
and  sweeping  machines.  On  a  road  which  is  repaired  on  the  patching 
system,  or  when  the  surface  of  a  road  becomes  '  cupped '  through  irr^ular 
wear,  the  hand  scraper  is  the  only  form  of  machine  that  can  be  advan- 
tageously employed. 

To  maintain  a  road  in  a  good  and  hard  condition  it  is  necessary  to  remove 
the  detritus  resulting  from  the  wear  of  the  metalling.  This  is  generally 
in  the  form  of  mud,  although  dust  is  sometimes  removed  from  the  roads, 
which,  however,  is  only  practised  to  a  limited  extent. 

To  be  a  substantial  advantage  the  scraping  of  mud  off  the  road  should 
be  done  promptly  when  the  weather  is  favourable  for  the  work. 

The  detritus  being  on  the  surface  of  the  road  and  increasing  in  quantity 
during  wet  weather,  evaporation  is  prevented  and  considerable  damage  is 
caused  to  the  crust  of  a  road  in  the  event  of  a  sudden  thaw  succeeding  a  frost 
The  weather  during  the  winter  months  is  generally  so  changeable  that 
continuous  or  extensive  operations  with  hand  scraping  machines  are 
limited. 

It  is  very  desirable,  not  only  for  those  making  use  of  the  roads,  but 
also  for  the  benefit  of  the  road  itself,  that  any  mud  formed  on  the  surface 
should  be  immediately  removed  by  scraping  or  sweeping. 

The  short  working  day  inseparable  from  the  time  of  the  year  when 
these  operations  are  carried  out  does  not  admit  of  much  work  being  per- 
formed, while  to  employ  extra  men  specially  would  incur  a  considerable 
expenditure. 

340.  Horse  Scraping  and  Sweeping  Machines. — A  long  stretch  of  road 
is  cleaned  in  the  shortest  possible  time  by  employing  horse  scraping  and 
sweeping  machines.  The  former  is  used  when  the  mud  or  detritus  is  in  a 
sticky  condition,  while  the  latter  is  employed  when  the  mud  is  in  a  liquid 
or  semi-liquid  state. 

These  machines  are  constructed  so  that  the  scrapers  or  brushes  are 
mounted  on  the  framework  oblique  to  the  direction  in  which  they  are 
drawn ;  they  clean  a  track  about  6  feet  in  width,  and  the  mud  is  deposited 
at  the  sides  of  the  road.  The  framework  is  a  combination  of  oak  and 
wrought  iron,  the  shafts  being  made  of  ash,  while  the  wheels  in  the  case  of 
the  sweeping  machine  are  made  with  iron  naves,  oak  spokes,  and  ash 
felloes.  The  wheels  of  the  scraping  machines  are  made  of  wrought  iron ; 
they  are  3  feet  9  inches  in  diameter,  while  those  of  the  scraping  machine 
are  4  feet  9  inches. 

The  hoes  or  shoes  of  the  scraper  are  made  of  cast  iron  and  can  be  easily 
renewed,  means  being  provided  for  regulating  the  tension  of  the  springs  so 
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as  to  give  them  the  desired  pressure  on  the  road.  The  sweeping  machine 
is  provided  with  douhle  clutch  gearing  which  imparts  the  motion  to 
the  circular  hrushes.  They  are  provided  with  a  driver's  seat,  and  the 
levers  for  manipulating  the  mechanism  are  within  easy  reach,  avoiding 
the  necessity  of  the  man  dismounting  or  even  stopping  the  horse  while 
working  the  machines.  Oil-cups  properly  protected  with  lids  are  provided 
for  lubricating  the  working  parts. 

To  minimize  the  scraping  of  roads  during  the  winter  months  when  the 
working  days  are  of  short  duration,  it  is  advisable  to  make  use  of  every 
opportunity  during  the  autumn  and  the  beginning  of  winter  for  scraping 
the  surface  of  the  roads  and  cleaning  out  water  tables,  side  channels,  and 
ditches. 

341.  Alternating  frost  and  thaw  will  at  times  frustrate  the  best  regu- 
lated system  of  maintaining  roads,  and  it  is  only  by  exercising  patience,  and 
making  use  of  the  appliances  at  hand  at  the  proper  time,  that  the  best 
results  will  be  attained  under  these  circumstances.  In  cases  where  the 
humidity  of  the  atmosphere,  in  the  absence  of  rain,  causes  the  mud  to 
become  very  sticky,  great  difficulty  is  experienced  in  removing  the  detritus 
from  the  roads.  Under  such  circumstances,  it  is  advisable,  where  a  supply 
of  water  can  be  obtained,  to  water  the  surface  copiously,  and  then  commence 
scraping  with  the  horse  machine. 

In  cases  where  the  mud,  even  with  this  treatment,  remains  sticky,  the 
author  has  obtained  good  results  from  watering  the  road  and  working  the 
road-roller  over  the  surface ;  by  which  means  the  thick  mud  is  converted 
into  a  semi-fluid  state,  and  can  be  easily  removed  by  the  horse  scraping  or 
sweeping  machine. 

The  road  scrapings  should  be  removed  from  the  water  tables  imme- 
diately after  being  deposited  there  by  the  scraping  or  sweeping  machines, 
or,  when  in  a  semi-liquid  state,  as  soon  as  they  are  in  a  condition  to  be 
shovelled,  so  as  to  admit  of  the  surface  water  draining  freely  into  the  side 
channels. 

Scraping  should  not  be  attempted  immediately  after  a  thaw  succeeding 
frost,  as  the  surface  of  the  road  is  then  tender,  and  the  stones  are  easily 
displaced. 

842.  Amoimt  and  Cost  of  Work  which  can  be  performed  with  Hand 
and  Hone  Scraping  Machines. — ^The  cost  of  scraping  a  road  with  a  hand 
machine  will,  of  course,  depend  greatly  on  the  amount  of  detritus  to  be 
removed  and  its  condition.  When  the  latter  is  in  a  soft  or  pliable  state, 
and  from  ^  to  f  inch  thick,  one  man  can,  on  a  road  of  about  5  to  6 
yards  wide,  thoroughly  scrape  about  one-fourth  of  a  mile  in  a  day,  being 
equal  to  an  area  of  2200  square  yards,  or  nearly  half  an  acre. 

Under  the  conditions  stated,  this  is  at  the  rate  of  1 2s.  per  mile  of  road. 
The  cost  of  performing  the  operation  with  a  horse  8crap\Xi%  tqbk^mi^  ^tl  % 
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similar  length  and  width  of  road,  including  repairs  and  depreciation,  is  on 
an  average  from  38.  to  4s.,  according  to  the  thickness  and  condition  of 
the  mud. 

The  length  of  road  which  can  he  scraped  in  one  day  of  seven  hoars  with 
a  horse  machine  may  he  taken  at  three  miles,  where  the  width  is  such  as  to 
require  from  four  to  six  passages  of  the  scraper.  The  work  which  can  he 
performed  with  a  horse  scraping  machine  is,  taking  the  exigencies  of  the 
traffic  into  consideration,  on  an  average,  ahout  4500  square  yards  per  hour. 

The  extent  of  surface  which  can  be  cleaned  in  one  day  with  a  horse 
sweeping  machine  may  be  taken  at  about  50  per  cent,  more  than  that  which 
can  be  cleaned  with  a  horse  scraper,  or  about  4^  miles  of  road  of  an  average 
width  of  16  feet  under  favourable  conditions. 

343.  First  Cost  of  Hand  and  Horse  Scraping  Machines,  and  Bepairs. 
— The  first  cost  of  a  hand  scraping  machine  of  the  usual  type,  mounted  od 
iron  wheels  with  steel  hoes  or  shoes,  is  from  £3  to  £4,  and  tlie  number 
required  in  country  districts  averages  one  for  every  three  or  four  miles  of 
road. 

A  horse  scraper  of  the  class  described,  and  constructed  by  the  Messrs. 
Wads  worth,  Halifax,  costs  from  £19  to  £24.  The  renewals  are  confined 
principally  to  the  hoes  or  shoes,  which  wear  unequally,  necessitating  their 
position  being  rearranged  occasionally,  and  practically  renewed  every  three 
or  four  years  according  to  the  amount  of  work  performed.  A  complete  set 
of  these  scrapers  or  shoes,  twenty-seven  in  number,  costs  35s.,  including 
time  for  fixing  them  on  the  machine. 

The  cost  of  a  horse  sweeping  machine  varies  from  £30  to  £35,  the 
wearing  parts  being  more  numerous  than  those  of  a  horse  scraper.  The 
bass  of  the  revolving  brushes  requires  renewing  as  it  is  worn  out.  On 
an  average,  a  new  set  will  be  required  after  sweeping  a  stretch  of  200 
miles.  The  cost  of  refilling  the  brushes  with  the  best  pure  Bahia  bass 
mixed  with  African  weed  is  £2,  2s.  6d.,  and  an  equal  mixture  of  these 
generally  gives  the  best  wearing  results. 

The  chain  belt,  bearings  of  brush  shaft,  brush  shaft  ends,  and  knuckle 
joints  require  renewing  after  working  about  4000  hours.  The  cost  for 
these  renewals  is  about  2s.  per  day  of  nine  hours. 

These  machines,  unlike  the  hand  scrapers,  are  operated  in  the  direction 
of  and  from  the  centre  to  the  sides  of  the  road.  They  are  used  so  as  to 
work  in  suitable  lengths  along  a  road,  the  mechanism  being  thrown  out  of 
gear  wlien  turning ;  the  mud  is  delivered  at  the  left-hand  side  of  the  machine, 
and  by  repeated  passages  the  whole  surface  is  cleaned. 

The  author  has  found  the  machines  described  in  the  preceding 
paragraphs  of  great  assistance,  especially  when  the  roads  are  rolled; 
being  light  they  can  be  drawn  by  one  horse,  are  durable  and  easily 
manipulated. 
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On  an  average  one  horse  scraper  and  one  horse  sweeping  machine  are 
sufficient  to  keep  the  surface  of  100  miles  of  road  clean,  provided  they 
are  'stabled'  centrally  in  the  district  where  it  is  intended  to  use  them. 
The  work  may  have  to  be  supplemented,  however,  by  hand  scraping  on 
isolated  portions  of  a  road  which  are  badly  situated,  or  where  hedges  or 
riose  fences  obstruct  the  sun  and  wind,  and  hinder  the  road  from  drying. 

344.  Eoad-edge  Dressing  Machine. — This  machine,  which  was  intro- 
duced some  years  ago,  is  the  invention  of  the  County  Road  Surveyor  of 
Elgin.  It  is  attached  to  a  road-roller  or  engine,  and  is  intended  to  super- 
sede the  various  kinds  of  ploughs  and  other  contrivances  drawn  by  animal 
power,  which  have  been  devised  from  time  to  time.  The  machine  can 
pare  or  dress  the  edges  of  public  roads ;  the  portion  trimmed  at  one  opera- 
tion may  vary  from  6  inches  to  30  inches  in  breadth,  while  it  can  be 
adjusted  to  cut  from  1  inch  to  10  inches  in  depth. 

Besides  having  a  suitable  framework  it  is  made  up  of  a  revolving  cutting 
steel  wheel,  2  feet  in  diameter,  which  acts  in  a  vertical  direction  on  the  turf 
border  to  be  dressed.  The  horizontal  cutting  is  performed  by  a  set  of 
blades  or  cutting  tools ;  the  whole  apparatus  being  regulated  by  a  suitable 
gearing,  controlled  by  one  man  operating  two  handles  placed  on  the  platform 
at  the  rear  end  of  the  engine.  The  edge-dressing  machine  is  attached  to  an 
engine  or  road-roller,  as  shown  in  fig.  130,  one  of  the  driving  wheels  of 
which  acts  as  the  leading  wheel  of  the  machine,  so  as  to  give  it  rigidity  for 
steering  and  sufficient  pressure  when  at  work.  Parallel  sights  are  fixed  on 
the  engine  to  guide  the  driver  in  preserving  a  regular  course. 

The  loosened  material  is  left  in  a  continuous  heap  along  the  edge  of 
the  road  and  can  be  disposed  of  according  to  circumstances.  It  is  a  very 
efficient  machine  and  does  excellent  work ;  it  is  capable  of  cutting  tree  roots 
of  moderate  size,  rank  vegetation,  and  of  penetrating  stony  ground. 

Under  favourable  conditions,  this  machine,  attached  to  a  six  horse- 
power engine,  can  pare  from  15  to  18  miles  of  road  in  one  week,  including 
the  usual  stoppages  and  changing  from  one  part  of  a  district  to  another. 

It  may  be  worked  by  an  engine  hired  for  the  purpose,  but  is  generally 
attached  to  a  road-roller,  thus  utilizing  the  spare  time  should  the  amount 
of  rolling  be  insufficient  to  so  employ  it  all  the  year  round. 

The  cost  of  paring  a  roadside  by  the  machine  is  8s.  to  10s.  per  mile 
compared  with  £2  to  £i  by  hand  labour.  The  price  of  this  road-edge 
cutting  machine  fitted  on  to  an  engine  or  road-roller  is  about  £90, 

345.  Engine  and  Store  Shed. — In  a  county  or  district  possessing  a  road 
maintenance  plant,  comprising  roller,  road-engine,  stone- breaker,  rock  drill, 
sweeping  and  scraping  machines,  a  shed  is  necessary  to  stable  the  different 
machines  when  not  in  use  or  when  under  repair.  The  shed  should  be  com- 
modious but  not  unnecessarily  large,  and  have  sufficient  headway  to  admit 
of  the  free  passage  of  the  engines. 
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One  side  may  be  occupied  by  a  working  bench  with  vice,  etc.,  for  carry- 
ing out  small  repairs,  storage  for  new  tools,  and  a  suitable  arrangement  for 
placing  the  oil  casks  in  position.  On  the  other  side  of  the  shed  the  india- 
rubber  tubing,  iron  pipes,  drill  steels,  etc.,  can  be  stored  clear  of  the  ground. 
A  stove  fixed  at  one  end  is  a  great  convenience  in  many  ways.  It  is 
advisable  to  have  adjoining  the  shed  for  storing  drain  pipes  and  other 
material  a  small  piece  of  ground,  which  can  also  be  utilized  for  stabling 
the  plant  temporarily. 

A  shed  to  accommodate  all  the  plant  used  in  connection  with  a  district 
extending  from  100  to  200  miles  of  road  will  be  best  served  by  making  it 
about  60  feet  long  and  25  feet  wide ;  a  cross-section  of  such  a  shed  is  shown 
in  fig.  131. 

The  columns  or  standards  are  generally  made  of  channel  iron  or  H- 
section  fixed  at  their  lower  ends  in  concrete  blocks,  and  having  the  top 
part  bolted  to  an  angle  iron  run  round  the  whole  erection. 

The  doors,  1 2  feet  wide,  are  arranged  to  slide  by  means  of  wheels  on  a 
T-iron  fixed  to  the  framework.  The  roof  is  made  up  of  T-iron  principals, 
having  struts  and  ties,  placed  over  the  standards  and  fixed  to  the  angle  iron 
by  means  of  a  gusset-plate. 

The  covering  is  usually  of  corrugated  iron,  and  of  No.  20  B.W.Q.  fixed 
to  angle  iron  runners  on  sides  of  shed,  and  to  the  T-irons  of  the  roof  prin- 
cipals or  to  purlins.  The  sheets  should  be  properly  lapped,  and  secured  with 
bolts,  washers  and  nuts.  It  is  desirable  to  have  as  much  light  as  possible 
admitted  to  the  interior  of  the  shed,  and  for  this  purpose  windows  are  fixed 
either  in  a  continuous  manner,  or  detached,  on  either  side  of  the  shed  to  the 
framework.     Roof-lights  should  also  be  introduced  at  convenient  points. 

A  space  at  the  apex  of  the  principals  is  left  open  for  ventilation,  and  a 
hood  erected  over  it  to  prevent  the  ingress  of  rain  or  snow. 

The  appearance  of  the  erection  is  greatly  improved,  and  the  corrugated 
iron,  although  galvanized,  is  preserved  by  being  painted. 

Cost  of  Erectiiig  an  Eiigine  Shed. — The  cost  of  erecting  a  shed  of 
the  dimensions  given  and  of  the  materials  described  may  vary  from  Is.  6d. 
to  Is.  9d.  per  square  foot  of  area  occupied,  or  from  £120  to  £130,  with 
an  additional  £5  for  erecting  benches  and  other  internal  fittings.  It  is 
advisable  to  enclose  the  ground  occupied  by  erecting  a  fence,  the  cost  of 
which  is  not  included  in  the  figures  given. 

845.  In  addition  to  having  a  central  shed,  small  sheds  or  huts  should 
be  erected  at  convenient  points  throughout  the  district,  for  keeping  those 
of  the  roadmen's  tools  which  are  not  in  daily  use.  They  are  also  very 
convenient  for  storing  coals  in  connection  with  rolling  operations,  as  in 
many  districts  the  source  of  supply  or  the  railway  dep6ts  are  situated  at 
a  considerable  distance;  in  many  instances  they  will  save  considerable 
inconvenience  and  loss  of  time. 

7\ 
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If  these  huts  are  made  of  a  sufficient  siae  a  considerable  quantity  of  fuel 
can  be  stored,  to  supply  the  requirements  in  case  of  emergency.  They  need 
not  be  expensive  erections,  and  may  be  made  either  of  old  railway  sleepers 
or  with  wood  posts,  and  covered  with  corrugated  iron  sheets,  at  an  outlay  of 
from  £8  to  £12. 

846.  Purchadug  TooLi  and  Geneial  Stores. — ^The  purchasing  of  took, 
oils,  coals,  blasting  explosives,  and  detonators,  demands  careful  attention. 
If  the  workmen's  tools  are  obtained  locally  and  in  small  lots,  owing  to  the 
want  of  a  proper  place  to  store  them,  it  is  evident  that  the  coat  of  procuring 
these  articles  is  greatly  increased  beyond  what  would  be  that  of  purchasing 
in  large  quantities  for  one  or  two  years'  requirements.  The  supplying  of  the 
necessary  tools  and  stores  by  contract,  and  delivering  them  at  one  or  more 
convenient  points  in  a  district,  tend  to  promote  economy,  and  the  saving 
effected  in  two  or  three  years  will  be  sufficient  to  pay  for  the  expenditure 
incurred  in  erecting  sheds  and  huts  for  this  purpose. 

The  month  of  January  is  the  most  suitable  and  generally  the  most 
economical  time  to  purchase  tools,  oils,  etc. ;  while  the  contract  for  supplying 
coab  for  the  rollers  and  road  engines  should  be  made  in  the  month  of 
March  each  year. 

In  the  author's  experience  the  saving  effected  by  purchasing  the  different 
articles  by  contract  annually  has  been  33  per  cent.,  compared  with  the 
system  formerly  practised  of  procuring  the  tools  and  other  stores  as  necessity 
arose. 

847.  Eules  and  Begulations  for  the  Guidance  of  Boadmen. — Printed 
rules  and  regulations  should  be  issued  for  the  guidance  of  roadmen  as  to 
the  hours  of  lalx)ur  during  the  summer  and  winter  months,  the  procedure 
to  bo  followed  in  the  event  of  a  breakdown  or  failure  of  any  of  the  sub- 
sidiary works,  such  as  drains,  culverts,  bridges,  embankments,  etc.,  and  the 
arrangements  necessary  to  cope  with  a  fall  of  snow. 

These  need  not  be  of  a  voluminous  nature,  as  long  rules  only  lead  to 
confusion,  and  are  in  most  cases  of  little  practical  advantage;  efficient 
supervision  is  the  only  way  to  attain  the  maximum  results. 

The  regulations  for  the  Cantonnicrs  on  the  national  roads  in  France 
are  of  a  very  comprehensive  nature,  but,  apart  from  these,  the  supervision 
is  carried  out  in  a  thoroughly  systematic  manner. 

On  roads  which  have  been  rolled,  the  surfaceman's  work  is  principally 
confined  to  sliding,  cleaning  out  channels  and  ditches,  repairing  footpaths, 
and  occasional  scraping,  while  his  services  may  be  requisitioned,  during  the 
summer  months,  in  quarrying,  breaking,  or  at  rolling  operations.  It  is  not 
advisable  to  perform  the  work  of  surfacing  by  contract ;  and  as  the  road 
foremen  and  casual  lalx)urers  are  paid  by  day's  wages,  the  division  of  roads 
into  lengths  makes  it  easy  to  compare  one  man's  work  with  another's  when 
a  system  of  close  superintendence  is  carried  out. 


CONSTRUCTION   AND   MAINTENANCE   OP    ROADS.  323 

In  districts  where  a  fall  of  snow  generally  takes  place  each  winter  it 
is  necessary  to  provide  snow-ploughs  to  effect  such  a  clearance  as  will 
facilitate  travelling.  These  consist  of  planks  fastened  together  in  the 
shape  of  a  Y,  22  inches  deep  and  shod  with  an  angle  iron  on  the  lower 
edges  and  ^inch  iron  plates  at  the  apex,  properly  stayed  in  the  centre 
and  outer  ends,  with  provision  in  front  for  attaching  the  means  for  hauling 
it  by  horses.  The  usual  size  made  is  from  10  to  12  feet  long  and  8  feet 
wide  at  the  extreme  end.  These  are  of  little  use  in  heavy  drifts,  which 
must  be  cut  through  by  the  roadmen  with  the  assistance  of  extra  hands 
when  necessary. 

848.  Footpaths. — Footpaths  alongside  roads  leading  from  one  town  or 
village  to  another  are  of  considerable  public  importance,  and  require  to  be 
kept  in  an  efficient  state  of  repair.  They  should  be  formed  of  hard 
materials  affording  perfect  drainage  and  finished  with  fine  gravel,  furnace 
cinders,  or  screenings  from  the  breaking  machine.  In  populous  places  it  is 
advisable  to  form  footpaths  of  a  much  more  permanent  and  satisfactory 
nature,  for  which  purpose  tar  concrete  and  similar  suitable  materials  are 
made  use  of.  The  object  to  be  attained  is  to  make  a  perfectly  dry  and 
serviceable  path  during  wet  weather,  when  other  parts  of  the  roadway  may 
be  in  a  sloppy  condition. 

849.  Milestones  and  Birection  Boards. — Milestones  indicating  the 
distance  between  important  towns  generally  exist  on  most  of  the  main 
roads  in  Britain.  These  are  now  supplemented  by  guide  or  direction  boards 
fixed  to  posts  and  placed  at  all  important  points,  such  as  where  one  road 
branches  off,  or  where  one  road  intersects  another.  These  may  be  made 
with  one  or  more  arms  on  which  the  mileage  to  villages  and  towns  on  either 
side  is  indicated,  while  in  some  instances  the  elevation  of  the  road  above 
sea-level  is  also  added. 

850.  Annual  Estimates  and  Actual  Expenditure  of  Boad  Bepairs. — 
The  annual  estimates  of  the  cost  of  road  maintenance  should  be  made  in 
detail,  showing  the  allocation  of  the  metalling,  the  number  of  cubic  yards  or 
tons  per  mile  of  road,  the  price  per  cubic  yard  or  ton,  the  cost  of  manual 
labour,  rolling,  and  any  miscellaneous  expenditure,  such  as  bridge  and 
culvert  repairs,  tools,  etc.,  with  the  total  cost  on  each  section  of  road. 

The  actual  expenditure  incurred  should  be  recorded  in  detail  under  the 
separate  heads  of  metalling,  road-rolling,  labour,  bridges,  culverts  and  drains, 
tools  and  sundry  items.  This  may  be  kept  in  the  form  of  a  diagram 
showing  the  cost  of  the  different  items  of  work  carried  out  each  year,  while 
the  total  expenditure,  including  all  these  items,  should  be  tabulated  on  a 
separate  form. 

It  is  usual  to  construct  these  '  diagram  accounts '  with  vertical  lines,  on 
which  the  years  are  marked,  horizontal  lines  being  plotted  to  show  the 
number  of  cubic  yards  of  metalling  applied  per  mile  of  road,  the  coat  ol  \»\i\^ 
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And  alflo  the  expenditure  incurred  for  labour,  rolling;  repun  to  brictge^ 
culvorts,  and  other  collateral  charges.    Tliese  diagnms  are  extremelj  nsefol 
for  reference,  and  the  history  of  a  road  for  many  yeais^  indicating  its  capital 
value,  can  be  seen  at  a  glance.     By  this  means  the  cost  of  the  maintenance 
of  difTerent  roads  can  be  readily  compared,  and  if  the  system  was  generallj 
arloptcd  valuable  statistics  relating  to  roads  generally  woold  be  available,  so 
that  the  annual  expenditure  for  the  several  items  'enumerated  in  different 
counties  of  this  country  could  be  collated,  which  woold  prove  very  beneficial 
in  forming  a  comparison,  and  undoubtedly  promote  economy  and  effidency 
in  innnagement 


CHAPTER  IX. 


THE  PREVENTION  OF  DUST. 


851.  The  prevention  or  suppression  of  dust  on  macadamized  roads, 
generally  known  as  the  'dust  problem,'  has  occupied  the  close  attention 
of  road  engineers  and  others  within  recent  years,  while  the  increasing 
number  of  vehicles  travelling  over  the  roads,  especially  high-speed  motor 
cars,  has  brought  the  dust  nuisance  very  prominently  before  the  public 
generally.  It  is  scarcely  necessary  to  emphasize  the  great  importance  of 
the  removal  of  this  evil,  which  has  manifested  itself  in  proportion  to  the 
development  of  automobilism. 

Its  widespread  effects  may  be  recognized  in  the  enormous  amount  of 
damage  done  to  property  by  depreciating  the  value  of  houses  along  many  of 
the  roads  used  by  motorists,  and  in  the  injury  done  to  gardens  and  vegetation 
generally,  articles  of  furniture  and  clothing,  as  well  as  to  goods  exposed  for 
sale  in  shops,  food-stuffs,  etc.  The  hygienic  aspect  of  the  question  is  also 
of  the  utmost  importance,  as  it  is  impossible  in  travelling  along  a  road,  or 
when  in  the  immediate  vicinity  of  motor  cars,  to  avoid  being  enveloped  in 
clouds  of  microbe-laden  dust  In  addition  to  this  there  is  the  inconvenience 
caused  to  pedestrians  and  others  using  the  roads,  and  who  at  times  are 
placed  in  imminent  danger,  owing  to  the  clouds  of  dust  raised  by  fast 
travelling  vehicles  obscuring  the  view  of  those  following  or  approaching. 
These  different  conditions  constitute  a  real  danger  to  public  health,  and 
urgent  needs  exist  to  combat  the  present  state  of  things. 

Yet  this  dust  nuisance  is  as  old  as  the  roads  themselves.  In  the  prime 
of  the  coaching  days  means  were  adopted  for  watering  certain  routes,  but 
the  advent  of  the  automobile  has  aggravated  the  evil,  and  has  directed 
public  attention  to  the  question  of  its  suppression. 

Now  there  are  several  factors  which  influence  the  formation  of  dust, 
the  most  important  being  the  character  of  the  road-stones  employed,  the 
binding  used,  and  the  class  and  amount  of  traffic  passing  over  the  roads. 
The  wear  of  the  road  surface  is  largely  due  to  metal-tyred  vehicles,  the 
constant  wear  from  horses'  hoofs,  and,  in  a  loss  degree  and  indirectly,  to  the 
suction  and  pumping  action  of  the  large  rubber  tyi^  ol  ^t)k2\r\.TviN^vcv% 
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motor  cars.  Experience  shows  that  a  motor  car  travelling  at  from  twdve 
to  sixteen  miles  an  hour  raises  no  more  dust  than  a  '  four-in-hand '  or  an 
ordinary  '  brake ' ;  but  as  the  speed  increases  the  dust  clouds  become  denser, 
and  the  binding  and  small  stones  are  withdrawn  from  the  metal  coatingi 
During  a  long  continuance  of  dry  weather  and  under  heavy  traffic  the  efiect 
of  the  latter  is  such  that  the  road  is  weakened  and  is  broken  up  more 
rapidly.  The  resistance  to  traction  of  wheel- vehicles  is  greatly  increased  on 
roads  covered  with  dust. 

352.  The  quality  of  the  road-stone,  together  with  the  nature  and  amount 
of  binding  used,  are  important  factors,  and  on  roads  where  suitable  and 
reliable  materials  are  properly  applied  and  consolidated  these  combined  con- 
ditions provide  the  best  possible  aspect  of  macadamized  road  construction. 
On  such  roads  the  prevalence  of  dust  is  small  compared  with  roads  con- 
structed of  and  repaired  by  inferior  materials  of  a  softer  or  friable  nature, 
such  as  limestones  and  flints. 

The  internal  friction  or  rubbing  together  of  the  stones  forming  the 
crust  creates  dust  which,  in  course  of  time,  appears  on  the  surface  of  the 
road.  The  binding  material  is  a  necessary  factor  in  the  construction  of  an 
ordinary  macadamized  road,  but  this  during  a  spell  of  dry  weather  practically 
loses  its  cemcntitious  properties  and  is  converted  into  dust  by  wheel-traffic 

353.  The  design  of  motor  cars  has  a  great  deal  to  do  with  the  amount 
of  dust  raised,  and  this  may  be  seen  by  observing  cars  of  different  types 
travelling  along  a  road  and  the  varying  quantities  of  dust  raised  thereby. 
Experiments  which  have  been  made  by  the  Automobile  Club  show  that  the 
smoother  the  underside  of  the  car,  with  a  comparatively  low  front  and 
greater  clearance  behind,  the  less  the  quantity  of  dust  raised.  The  effect 
of  the  shape  of  the  body  of  the  car  on  its  dust-raising  proclivities  is,  however, 
still  a  matter  of  uncertainty.  Yet  it  can  hardly  be  as.serted  that  the  dust 
nuisance  would  be  lessened,  to  any  great  extent,  by  any  improvement  in  the 
form  of  car,  and  therefore  it  is  necessary  to  adopt  other  means  of  ove^ 
coming  the  difficulty.  Tliis  process  of  dust  formation  increases  with  the 
traffic,  and  becomes  unendurable  on  most  roads  where  constant  and  fast- 
moving  traffic  prevails,  and  will  remain  in  this  condition  until  the  dust  is 
removed,  either  by  being  blown  off  by  the  wind,  settled  by  rain,  or  by 
artificial  watering,  which  only  aggravates  the  evil.  In  the  latter  case  mud 
is  formed,  presenting  a  heavy  or  slippery  surface  to  travel  upon,  and  the 
attendant  results  of  side-slip  with  vehicles  having  rubber  tyres. 

Where  the  binding  has  been  withdrawn  from  the  metalling  by  the 
suction  of  the  tyres  of  motor  cars  during  dry  weather,  and  the  dust  blown 
off  the  surface,  followed  by  a  fall  of  rain  which  may  percolate  through  the 
metal  coating,  the  foundation  is  damaged ;  and  motor-car  traffic  is  thus  a 
means  of  causing  inordinate  damage. 

854.  The  merits  or  otherwise  of  the  rocks  used  as  road-stones  are  all 
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described  in  detail  in  Chapter  IV.  The  climatic  conditions  prevailing  in 
many  parts  of  Scotland  during  the  winter  months  cause  considerable  damage 
to  the  road  surfaces  beyond  the  ordinary  wheel  traffic,  as  it  is  a  common 
experience  to  have  alternating  frost  and  thaw,  rain  and  a  muggy  atmo- 
sphere, lasting  for  weeks  at  a  time.  Consequently,  the  formation  of  mud 
through  wear,  and  the  conditions  just  referred  to,  have  to  be  carefully 
guarded  against,  as  most  of  the  material  formerly  in  use  in  East  Fife,  con- 
taining decomposed  mineral-products,  produced  greasy  in  wet  and  dusty 
roads  in  dry  weather.  Harder  and  more  durable  materials,  therefore,  had 
to  be  substituted,  although  at  a  greater  cost;  but  the  results  were  beneficial, 
and  the  expenditure  for  maintenance  was  considerably  reduced.  The  mud 
and  dust  troubles  have  thus  been  lessened  considerably,  but  it  is  difficult 
to  contemplate  what  the  effects  of  motor-car  traffic  would  have  been  in 
dry  weather  if  these  inferior  stones  or  dolerites  had  still  heen  employed 
for  repairs.  An  important  consideration  in  the  use  of  dust  preventives 
is  the  description  of  material  used  in  the  roadway  itself.  This  has  been 
proved  by  the  results  obtained  with  certain  preparations  applied  to  roads 
constructed  of  different  stones.  It  is,  therefore,  only  by  experience  that 
it  is  possible  to  determine  which  composition  will  give  the  best  results 
in  general  practice. 

355.  The  different  methods,  in  addition  to  the  old  system  of  watering, 
introduced  for  combating  the  dust  evil  during  the  last  two  or  three  years 
have  been  very  numerous,  but  only  those  where  practical  results  have  been 
achieved  are  referred  to. 

The  means  of  dealing  with  the  dust  evil  are,  therefore,  as  follows : — 

1.  Sprinkling  with  water. 

2.  Sprinkling  with  bituminous  oils  and  other  preparations. 

3.  Tarring  the  road  surface  either  with  hot  or  cold  tar. 

Water  Sprinkling. — (I)  This  is  the  oldest,  and  certainly  the -most  in- 
efficient and  injurious  method,  as  carried  out  generally,  of  laying  dust,  as  the 
water  is  usually  applied  in  so  copious  a  manner  that  not  only  is  the  road  itself 
damaged,  but  also  tlie  dust  is  converted  into  mud,  causing  great  annoyance 
to  pedestrians  as  well  as  inducing  the  danger  of  side-slip  in  the  heavier  and 
speedier  forms  of  traffic.  To  be  effective,  watering  should  be  light  and 
frequently  renewed.  By  this  means  the  macadam  is  maintained  in  a  state 
of  humidity,  between  mud  and  dust,  and  the  cohesion  of  the  material  is 
preserved.  The  unceasing  wheel  traffic,  especially  of  motor  cars,  makes 
water-sprinkling,  during  the  daytime,  almost  an  impossibility,  at  least  in 
populous  places.  Motor  water-vans,  which  travel  at  a  greater  speed  than  a 
horse-drawn  water-cart,  are  now  to  a  limited  extent  being  employed  for 
the  purpose.  It  must,  however,  be  remarked  that  such  vans  can  only  be 
economically  employed  where  the  area  of  roadways  is  extensive,  otherwise 
tb^  cost  Mrill  largely  exceed  that  of  horse-drawn  vans.     Matv^  n^V\v\<(^  %x^ 
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fitted  with  a  special  apparatus  so  that  the  sprinkling  is  almost  in  the  foim 
of  a  mist,  or  in  heavier  streams  according  to  the  requirements  of  the 
different  kinds  of  roads. 

The  cost  of  ordinary  sprinkling  with  water  is  generally  about  48.  per 
mile  of  road  eight  yards  wide.  The  number  of  applications  varies  consider- 
ably, but  may  be  taken  at  about  three  hundred  each  year  (2^  times  each  day 
during  the  season),  at  a  cost  of  about  £60  per  mile  per  annum. 

Sea  water  has  been  extensively  used  for  street  watering  in  towns 
situated  on  the  coast,  the  small  cost  being  in  its  favour.  It  is  more  efficient 
than  ordinary  water  for  laying  dust,  but  frequent  applications,  owing  to  its 
saline  properties,  produce  slime  in  damp  weather  which  it  is  necessary  to 
wash  ofif  the  surface. 

Calcium  chloride  dissolved  in  water  has  been  experimented  with  in 
various  places  for  dust  laying.  In  some  instances  it  appears  to  have 
hardened  the  surface  of  a  road  by  improving  the  cementitious  properties 
of  the  binding.  The  reports  on  this  method  differ  very  widely,  and  it  is 
impossible  to  give  a  definite  opinion  on  the  result  of  its  application  until 
further  experience  has  been  obtained.  It  may,  however,  be  mentioned  that 
calcium  chloride,  in  its  unrefined  state,  contains  a  large  proportion  of  salt 
which  has  a  deleterious  effect  on  the  roadway  as  well  as  on  the  tyres  of 
vehicles. 

356.  (2)  Sprinkling  with  Bitmninous  Oils  and  other  Preparations.— 
These  are  for  the  most  part  palliative  preparations,  and  therefore  require 
frequent  application  in  order  to  prevent  the  dust  rising.  One  of  the  first 
of  these  chemical  preparations  to  appear  on  the  market  was  that  known 
under  the  name  of  *  Westrumite.'  It  was  originally  experimented  wuth  in 
Germany,  and  was  subsequently  introduced  into  this  country,  where  it  has 
been  fairly  extensively  used.  *  Westrumite  *  is  a  preparation  made  from 
tar,  the  mineral  and  vegetable  oils  being  rendered  soluble  in  water  with 
ammoniated  soap.  It  is  applied  by  means  of  an  ordinary  water-cart  in 
varying  percentages,  diluted  with  water.  Usually  a  10  per  cent,  solution 
is  applied  first,  and  when  the  road  is  thorouglily  dry,  wliich  takes  from  twelve 
to  twenty -four  hours  according  to  tlie  state  of  the  weather,  a  second  dressing, 
consisting  of  a  5  per  cent,  solution,  is  applied.  These  sprinklings,  with 
additional  dressings  at  intervals  during  the  season,  are  considered  sufficient 
to  lay  and  hold  the  dust  for  that  period.  This  amounts  to  a  total  apphca- 
tion  of  30  per  cent,  of  the  preparation,  although  greater  or  less  quantities 
may  be  found  necessary. 

The  estimated  cost  of  dressing  a  road  surface  one  mile  in  length  and 
24  feet  wide,  for  the  preparation  alone,  and  taking  it  at  9d.  per  gallon, 
amounts  to  £30  per  annum.  The  use  of  '  Westrumite '  is  said  to  render  the 
surface  of  a  road  comparatively  impervious,  and  reduces  the  quantity  of  mud  ; 
consequently  the  life  of  a  road  so  treated  will  be  appreciably  prolonged. 
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'  Westrumite '  No.  2  is  a  form  of  soluble  asphalt,  and  is  mixed  with 
water  and  applied  from  a  special  barrow  by  means  of  watering  cans,  or 
flushed  over  the  surface  with  pails  and  brushed  into  the  surface  of  the 
road.  This  preparation  has  been  extensively  used  in  Germany  and  France, 
and  at  various  places  in  England,  and,  to  a  limited  extent,  in  Ireland. 
Both  these  preparations,  however,  being  soluble  in  water,  lose  their  e£fect 
and  are  readily  washed  away  by  heavy  rains. 

'  Pine-Oiline '  is  a  preparation  similar  to  the  above  dust-layer,  but  is 
not  now  on  the  market  as  a  separate  preparation,  having  become  amalga- 
mated commercially  with  '  Westrumite.' 

'Dustroyd'  is  a  thin,  liquid  preparation,  insoluble  in  water,  and  is 
manufactured  from  creosote,  shale,  or  other  mineral  oil,  with  a  small  propor- 
tion of  coal  tar,  all  of  which  are  thoroughly  mixed  together.  It  dries,  after 
application,  in  from  three  to  four  hours  in  fine  weather,  and  is  said  to  have 
good  binding  qualities,  while  an  asphalt-like  surface  is  given  to  the  roadway 
which  is  not  affected  by  rain.  The  lasting  qualities  are  said  to  vary  from 
two  to  three  months,  and  three  applications  each  year  are  considered  effective 
in  preventing  dust  in  dry  and  mud  in  wet  weather.  The  cost  of  '  Dustroyd ' 
at  £4  per  ton  is  £36  per  annum  for  one  mile  of  road  24  feet  wide,  for  a 
period  of  about  five  months  and  exclusive  of  labour.  It  has  been  chiefly 
used  in  Lancashire,  and,  to  a  limited  extent,  in  Scotland  and  Ireland. 

'  Akonia.' — This  preparation  was  introduced  about  four  years  ago,  and 
has  been  used  extensively  throughout  England  with  apparently  favourable 
results.  The  first  experiments  made  with  this  composition  took  place  in 
Wembley  and  Harrow,  and  were  so  satisfactory  that  the  surveyor  of  the 
former  town  has  treated  his  roads  with  it  through  the  succeeding  seasons. 
This  experience  has  been  confirmed  by  a  large  number  of  surveyors  in 
different  parts  of  the  country.  The  property  of  being  odourless  is  in  its 
favour,  and  it  is  claimed  that  it  does  not  discolour  the  road.  '  Akonia '  is 
applied  in  a  similar  manner  to  '  Westrumite,'  namely,  by  ordinary  water- 
carts,  and  the  number  of  dressings  requisite  are  represented  to  be,  practically, 
the  same.  It  is  claimed  to  be  cheaper  than  water  and  cumulative  in  effect, 
so  that  every  application  adds  materially  to  the  former  treatment^  and  goes 
from  one  season  to  another  if  the  road  is  not  disturbed.  Applications  of 
the  preparation  may  be  made  every  week  with  a  weak  solution,  or  with  a 
stronger  solution  every  three  weeks.  The  price  of  'Akonia'  is,  on  an 
average,  £2,  12s.  6d.  per  ton,  which,  of  course,  has  to  have  added  to  it  the 
cost  of  conveyance  to  its  destination.  In  Wembley,  as  already  mentioned, 
this  dust  layer  was  applied  at  intervals  throughout  last  summer,  and  the 
inclusive  cost  works  out  at  about  £60  on  the  same  length  and  width  of  road 
mentioned  above. 

'Sandisize'  is  a  preparation  consisting  of  an  emulsion  produced  from 
wool  fat  and  wool  tar  and  an  alkali  or  alkaline  salt  of  a  de\\(^<»Bi^TAi  waXa^x^. 
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'  Sandisize '  has  been  used  eitensively  in  the  West  of  Scotland  with  hroai' 
able  results.  Being  hygroscopic,  it  absorbs  moisture  from  the  atmosphen 
and  practically  renews  its  dust-arresting  properties.  A  5  per  cent  solution 
applied  to  a  road  will  last  for  two  months,  and  an  occasional  shower  or 
heavy  dew  improves  this  preparation.  In  Helensburgh,  where '  Sandisise '  is 
much  used  as  a  dust  layer,  the  cost  has  been  about  £S  or  £9  for  one  mile 
of  road  24  feet  wide  for  a  15  per  cent  total  solution  sprayed  in  two  appliet- 
tions  per  annum.  The  author  has  used  this  dust-laying  preparation  to  some 
extent,  both  in  re-coating  operations  and  on  made  roads,  the  results  being 
quite  satisfactory.  There  was  an  absence  of  dust  immediately  after  drying 
on  the  treated  parts  of  the  road,  but  in  course  of  time  the  dust  from 
adjoining  |K)rtions  being  carried  on  to  the  former,  nullified  the  good  effects 
obtained.  To  properly  test  these  preparations,  it  is  necessary  to  treat  long 
stretches  of  road  at  one  time  so  as  to  obtain  experience  of  the  results  and 
data  as  to  their  ultimate  effect,  for  proper  comparison.  Treating  one  mile 
of  road  18  feet  wide  with  a  10  per  cent,  solution  costs  £5,  and  three  or 
four  applications  during  the  season,  depending  on  the  weather,  are  sufficient 
to  prevent  dust  rising.     The  selling  price  of  '  Sandisize '  is  £6  per  ton. 

'  Halinite.' — This  preparation  is  of  recent  introduction,  and  so  far  has 
given  very  good  results.  An  experimental  length  of  roadway  was  treated 
at  Richmond,  Surrey,  and  observation  showed  that  it  provided  an  absolutely 
dustless  surface,  was  waterproof,  and  therefore  unaffected  by  rain.  It 
also  acts  ns  a  binding  agent  in  cementing  the  binding  and  stones  together. 
The  roadway  conveys  the  idea  of  an  asphaltic  veneer  over  the  macadam. 
This  specific  is  said  to  add  33  per  cent  to  the  life  of  the  road,  which 
coTtainly  seems  a  very  high  figure. 

The  basis  of  *  Hahnite/  prepared  by  a  special  process,  consists  in  the 
admixture  of  oil  and  water  witliout  saponification  of  the  oil.  The  oil  is 
laid  on  tlie  road  by  the  aid  of  water,  tlie  result  being  that  the  water  evapor- 
ates, leaving  tlie  *  Hahnite  '  to  penetrate  the  roadway  without  the  slightest 
disintegration  or  other  detrimental  effects.  The  composition  is  described 
in  the  patent  specification  as  consisting  of  "  oil  which  is  emulsified  with 
carlDolic  acid  and  is  mixed  when  heated  to  150'  F.  with  asphalt,  tar,  and 
the  residue  from  glycerine  distillation  in  stated  proportions.  The  road  is 
sprinkled  with  water  before  and  after  an  application  of  a  solution  of  the 
composition,  preferably  salt  water."  This  forms  an  insoluble  liquid  which, 
when  sprayed  on  the  road  by  means  of  an  ordinary  water-cart,  fitted  >vith 
internal  agitators  (the  cost  of  which  is  very  small),  oxidizes,  and  thereby 
forms  an  impervious  coating  of  great  durability  and  binding  properties. 
At  the  same  time  it  does  not  present  a  slippery  surface. 

There  are  many  other  preparations  of  a  palliative  description,  more  or 
less  effective,  but  for  obvious  reasons  it  is  impossible  to  describe  them. 

Tlie  palliative  preparations  for  laying  dust  are  of  great  service  in  towns 
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and  populous  places  where  ordinary  watering  is  resorted  to  during  the 
summer  months,  and  are  for  the  most  part  of  a  disinfectant  nature.  The 
comparative  cost  may  be  stated  at  about  33  per  cent,  in  favour  of  using 
the  dust  -  allaying  preparations.  The  cost  of  water  and  team  work  for 
each  sprinkling  may  be  taken  at  from  3s.  lOd.  to  4s.  2d.  per  mile  of  road 
24  feet  wide.  For  country  roads  these  preparations  are  considered  of  too 
temporary  a  character  to  be  generally  adopted. 

Oil. — The  application  of  petroleum  and  other  oils  for  the  suppression  of 
dust  has  been  tried  in  various  ways  and  in  most  countries  with  varying 
success.  Crude  petroleum  is  extensively  used  in  the  United  States, 
especially  in  California  and  at  the  seaside  resorts  of  New  Jersey,  instead  of 
water.  It  is  also  largely  used  on  railroad  tracks  for,  as  Americans  term  it, 
downing  the  dust. 

For  the  most  part  petroleum  oil  has  been  employed  on  roads  composed 
principally  of  gravel,  limestone,  and  sandstone.  In  the  first  application  the 
quantity  of  oil  varies,  as  much  being  sprinkled  over  the  surface  as  the  road 
will  absorb.  The  oil  is  applied  to  the  road  at  a  temperature  of  200*  F.,  the 
total  quantity,  by  repeated  applications,  amounting  to  from  four  to  six 
thousand  gallons  for  each  mile  of  road  16  to  18  feet  wide.  The  sprinkling 
is  carried  out  at  different  periods  of  the  year,  and  generally  consists  of  three 
applications  in  all.  The  second  and  third  dressings  are  accomplished  with  a 
less  quantity  of  oil  than  the  first  application.  This  treatment  is  said  to  reduce 
the  amount  of  mud  during  inclement  weather ;  but  the  effect  of  continuous 
rain  destroys  its  usefulness,  so  that  it  is  necessary  to  repeat  the  process 
each  season. 

The  price  of  this  dust-laying  oil — which  is  the  residuum  after  the  naphtha, 
gasolene,  and  kerosene  have  been  distilled  from  the  crude  petroleum,  and 
contains  about  20  per  cent,  of  bitumen,  an  important  constituent — varies 
from  4s.  to  5s.  per  barrel  (24  gallons)  at  the  refinery. 

The  inclusive  cost  of  treating  a  roadway  one  mile  long  and  16  feet  wide 
works  out  at  about  £40  for  the  three  applications,  while  the  cost  of  labour 
and  team  work  amounts  to  about  £4.  In  San  Bernardino  county,  Cali- 
fornia,^ the  actual  cost  of  treating  one  and  a  half  miles  of  road  16  feet  wide 
is  stated  to  have  been  £33  per  mile,  120  barrels  of  oil  being  used.  The  cost 
of  application,  labour  and  team  work  is  set  down  as  £3  per  mile. 

In  order  to  discover  the  best  and  most  efficient  method  of  treating  roads 
with  oil,  the  Califomian  Dustless  Road  Company  conducted  a  series  of 
experiments  extending  over  two  years.  Their  object  was  to  find  out  a 
method  by  which  not  only  dust  may  be  laid,  but  how  a  permanent  hard 
road  bed  might  be  obtained. 

In  Santa  Barbara  t  the  streets  are  all  brought  to  a  clean  round  grade. 
The  dirt  is  made  fairly  fine,  a  spading  harrow  being  used.     This  grading 

intering  Record,  80th  March  1901.  \  TKe  Street. 
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does  away  with  holes  and  makes  the  street  as  even  as  poasible  befine  the 
oil  is  placed.  Sprinkling  with  water  follows  the  grading.  On  seTenl 
blocks  sprinkling  was  omitted  to  see  what  the  effect  would  be.  The  \xd 
blocks  laid  are  those  where  the  sprinkling  was  done.  The  oil  was  heitod 
in  its  car  to  make  it  run  easily,  and  was  then  hauled  to  the  streets  in  a 
sprinkling  cart.  This  is  driven  slowly  over  the  street  and  the  oil  rum  oat 
Thon  comes  a  second  coating  of  oiL  Harrowing  the  third  time  mixes  the 
oil  well  with  the  earth.  Next  comes  the  roller,  a  tamping  machine  whieh 
(^DHsiflts  (if  a  roller  of  wood,  into  which  are  set  rods  of  iron  spikes  each  a 
foot  long,  and  having  a  head  two  inches  square.  The  spikes  project  about 
six  inches.  The  roller  rolls  on  the  end  of  these  spikes  and  mashes  the  oil 
almost  out  of  sight  into  the  road.  The  treatment  with  this  roller  hardens 
thti  surface  and  permits  the  use  of  a  heavy  steam  roller  for  the  purpose  of 
furtlior  packing  and  levelling  the  streets.  The  amount  of  oil  used  was  100 
Imrrt'ls  to  a  450  feet  block  of  a  60  feet  street.  Traffic  on  the  streets  has 
hanloncil  them  into  an  almost  asphalt  surface. 

Some  of  the  streets  of  Baku  have  been  oiled  for  twenty-five  yean 
or  more,  and  the  carriages  used  there  have  as  a  rule  rubber  tyres,  which 
are  not  at  all  affected  in  the  way  suggested  at  times.  Moreover,  no  smell 
arises  from  the  roads. 

Oiling  macadamized  roads  has  not  been  adopted  to  any  extent  in  this 
country,  wliich  may  be  due  to  the  fact  already  mentioned  that  certain  descrip- 
tions of  |)otroltium  are  unsuitable  for  the  purpose,  and  to  the  mistake  which 
has  IxMMi  made  in  not  selecting  the  proper  kind  of  oil  for  the  work.  Oils 
conUiininj^  from  16  to  18  per  cent,  of  bitumen  are  considered  to  be  well 
adaplod  for  this  purpose.  Generally  speaking,  the  oils  produced  in  Texas, 
California,  Borneo,  and  Russia  fullil  these  requirements  and  ensure  good 
results.  They  should  be  applied  in  a  boiling  state  and  when  the  road  is 
thoroughly  clean  and  dry. 

Trials  with  Texas  oil  wore  carried  out  in  Hampshire  in  1902  on  the 
road  from  Farnlwrough  to  Aldershot,  three-quarters  of  a  mile  being  treated. 
This  roml,  in  addition  to  carrying  a  large  amount  of  ordinary  vehicular 
traiHc,  is  much  frequented  by  motorists.  A  portion  of  it  was  repaired 
with  Cherbourg  quartzite,  the  remaining  part  being  of  Hints,  and  both 
resting  on  a  subsoil  of  sand. 

The  oil  was  applied  in  a  cold  state  by  means  of  an  ordinary  water-cart 
Several  dressings  were  given,  which  were  supplemented  in  places  by  men 
applying  the  oil  with  watering  cans  to  ensure,  as  far  as  practicable,  an  even 
distribution  of  the  liquid.  The  road  being  very  dry  was  in  an  absorbent 
condition,  and  the  oil  easily  penetrated  through  the  surface.  The  imme- 
diate result  was  that  it  successfully  prevented  the  rising  of  dust  It  was 
noticeable,  however,  that  on  that  ])ortion  of  the  road  previously  swept  the 
results  were  far  more  satisfactory,  and  so  long  as  dry  weather  was  experi- 
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enced  the  road  remained  in  a  good  condition ;  but  the  arrival  of  wet  weather 
appears  to  have  completely  changed  the  fixing  qualities  of  the  oil,  and  the 
mud,  compared  with  that  on  the  untreated  section,  although  the  same  in 
quantity,  was  of  a  much  more  objectionable  character. 

After  the  lapse  of  six  months  the  oil  was  practically  non-existent,  being 
either  scraped  off  the  surface  or  washed  out  by  the  rain.  The  best  results 
generally  were  obtained  on  the  road  which  had  been  repaired  with  quartzite, 
while  that  on  which  flint  had  been  used  showed  peculiar  characteristics. 

These  experiments,  including  the  oil  and  labour,  cost  about  |d.  per 
square  yard;  llj^  tons,  or  2760  gallons,  of  oil  being  used.  At  this  figure 
the  oiling  process,  over  one  mile  of  road  24  feet  wide,  worked  out  at  a  cost 
of  about  £44.  It  is  apparent,  therefore,  that  whether  the  oil  is  applied 
hot  or  cold  the  effects  of  rain  detract  from  the  beneficial  results  obtained 
during  the  dry  season.  During  the  winter  months  the  results  of  this 
treatment,  which  are  satisfactory  in  dry  weather,  are  destroyed,  and  in 
consequence  the  process  has  to  be  renewed  each  season.  It  may  be  con- 
cluded, therefore,  that  oil  as  a  dust  preventive  in  this  countiy,  even 
though  the  petroleum  contains  the  proportion  of  bitumen  mentioned,  is  only 
a  temporary  one.  ' 

The  oiling  of  roads  in  Scotland  has  only  been  carried  out  to  a  limited 
extent,  the  trials  in  Renfrewshire  being  the  only  ones  recorded.  In  this 
instance  Scotch  petroleum  was  used  and  applied,  after  the  surface  had  been 
swept,  by  means  of  watering  cans,  and  then  brushed  over  the  surface  in 
order  to  secure,  as  far  as  possible,  a  uniform  dressing.  The  oil  dried  in 
about  twelve  hours,  and  the  cost  of  the  operation  was  approximately  £20 
per  mile. 

897.  (3)  Tarring  the  Surface  of  a  Boad.— Tar  has  been  extensively 
experimented  with  as  a  dust  preventive  during  recent  years,  and  although 
its  use  for  this  purpose  and  for  the  manufacture  of  tar  macadam  has  been 
practised  for  a  long  time,  its  superiority  as  a  binding  medium  in  the  con- 
Btruction  of  macadamized  roads  is  only  now  being  recognized.  On  the 
Continent,  and  especially  in  France  and  Italy,  where  some  of  the  palliative 
preparations  referred  to,  as  well  as  several  others,  including  '  Odocreol '  or  oil 
of  tar, '  Bapidite,' '  Pulveranto,'  have  been  tried,  they  are  being  superseded  by 
the  use  of  tar.  These  dust-laying  preparations  for  the  most  part  consist 
of  tar  with  mineral  and  vegetable  oils,  emulsified  or  saponified  in  order 
to  render  them  sufficiently  liquid  for  application  by  ordinary  methods. 
This  process,  however,  appears  to  affect  adversely  the  binding  qualities  of 
the  tar,  hence  the  necessity  for  using  this  product  in  either  a  natural  or 
Ttfined  state  and  applying  it  hot. 

The  viscosity  of  ordinary  tar  renders  it  difficult  to  distribute  evenly 
bj  the  usual  methods,  and  special  appliances  have  been  introduced  into 
France  for  spreading  the  tar  over  the  roads. 
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One  of  the  best  known  of  these  is  that  invented  by  M.  Liaissaillj.*  Iliui 
consists  of  a  reservoir  for  the  tar,  and  has  a  discharge  pipe  similar  to  an 
ordinary  water-cart  for  distributing  hot  liquid  on  the  road,  and  by  an 
arrangement  of  brooms  the  tar  is  spread  in  a  thin  and  perfectly  even  layer. 
The  latter  arrangement  takes  the  place  of  the  gang  of  sweepers  fonnerij 
employed,  reducing  considerably  the  cost  of  the  operation. 

Dr.  Guglielminetti  has  studied  the  dust  problem  for  years  pest^  and 
among  other  interesting  items  in  the  article  referred  to,  the  following 
dealing  with  the  hygienic  aspect  of  the  question,  may  be  quoted  : — 

"  The  question  of  the  suppression  or  lessening  of  dust  interests,  on  its 
technical  side,  not  only  the  engineer  who  constructs  and  maintains  the 
road,  but  also  the  official  who  has  charge  of  public  (sant^)  health. 

'*In  the  exercise  of  our  profession  as  doctors  in  various  places  along 
the  Kiviera,  where  the  ravages  of  dust  are  greater,  the  climate  is  charming, 
the  rainy  days  fewer  and  the  road  'metal  more  brittle  and  powdery,  we 
have,  since  the  progress  of  motoring,  been  able  to  convince  ourselves  that 
there  is  urgent  need  for  combating  this  scourge. 

*'  The  single  great  artery  which  unites  the  coast  towns  of  Nice,  Monte 
Carlo,  and  Mentone  is  the  national  route  No.  7,  and  is  furrowed  during 
the  winter  by  innumerable  motors  which  transform  the  coast  road  into  a 
veritable  autodrome,  and  which,  in  spite  of  its  insufficient  width,  is  also 
traversed  by  an  electric  tramway.  The  dust  here  has  become  a  real  danger 
to  public  health  and  safety,  and  it  is  not  surprising  that  the  campaign 
against  it  should  have  been  started  in  this  country,  and  that  it  should  have 
continued  here  with  greater  persistence  than  elsewhere." 

This  Laissailly  road-tarring  machine,  which  has  during  the  past  year 
been  introduced  into  this  country,  is  the  improved  form  lately  perfected 
and  used  in  France. 

The  application  of  the  tar  by  this  system  is  by  means  of  gravitation, 
but  owing  to  the  viscosity  of  the  liquid  it  requires  to  be  raised  to  a  tem- 
perature of  200°  F.  The  heating  is  accomplished  by  employing  a  separate 
vehicle  known  as  the  cooking  apparatus,  and  consisting  of  a  boiler  and 
worm  piping  through  which  the  steam  passes  into  the  tar  vessel.  The  filling 
of  the  distributing  cart  is  carried  out  by  suitable  means  and  with  a  minimum 
expenditure  of  time. 

The  hot  tar  passes  by  a  pipe  from  the  main  tank  into  a  regulating  tank 
at  the  rear  of  the  vehicle,  where  a  float-indicating  device  enables  it  to  be 
maintained  at  a  constant  level.  By  this  means  a  uniform  flow  is  kept  up, 
and  consequently  a  regular  spread  of  tar  on  the  road  is  secured.  The  dis- 
tributing pipe,  similar  to  that  of  an  ordinary  water-cart,  permits  the  tar  to 
flow  in  fine  jets  on  to  the  road,  the  spreading  being  accomplished  by  four 

*  '*  Moyens  de  Combattre  la  poussifere  sur  les  routes,"  par  Dooteor  Guglielminetti,  La 
CUnie  Ciml,  Samedi,  24  Juin  1905. 
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automatic  smoothing  brushes  which  ensure  a  thiu  and  even  layer.  A  binder 
composed  of  trass,  Portland  cement  and  basaltic  chippings,  is  applied  to 
prevent  *  licking-up '  and  to  assist  in  the  setting  of  the  tar,  as  well  as  for 
the  additional  purpose  of  improving  the  surface. 

The  machine  is  capable  of  spreading  five  tons  of  boiling  tar,  covering 
2500  square  yards,  in  an  hour,  and  is  said  to  do  the  work  of  fifty  men  by 
the  method  of  flushing  and  sweeping  formerly  adopted  in  France. 

On  a  perfectly  uniform  roadway  this  method  of  tarring  roads  gives  satis- 
factory results,  and  is  said  to  penetrate  the  material  to  the  depth  of  from  1 
to  3  inches,  but,  like  hand-painting  with  tar  on  roads  which  are  cupped  or  on 
which  many  surface  hollows  exist,  the  hot  tar  has  a  tendency  to  flow  into 
the  depressions,  the  result  being  an  unequal  application.  When  this  occurs 
it  is  very  apt  to  be  worked  into  ridges  by  the  wheels  of  vehicles,  especially 
after  rain,  which  is  a  great  disadvantage  in  treating  macadam  roads.  The 
extent  of  the  penetration  of  the  hot  tar  into  the  crust  of  a  road  depends  on 
the  description  of  the  binding  used  and  the  nature  of  the  detritus  or 
pulverized  stone  filling  the  interstices. 

The  application  of  sand  or  other  material  dusted  over  a  newly  tarred 
road  by  the  method  described  absorbs  the  tar,  which  must  be  detrimental  to 
its  efficiency.  In  order  to  obtain  the  best  results  the  tar  should  be  allowed 
to  remain  on  the  road  as  long  as  possible  before  sprinkling  the  surface  with 
Band  or  other  material. 

The  cost  of  tarring  a  road  by  this  system  when  tar  can  be  procured  at 
l^d.  per  gallon  is  stated  to  be  2d.  per  square  yard  for  two  coatings.  Thus 
on  a  road  18  feet  wide  the  cost  per  mile  will  amount  to  £88,  and  on  a 
road  24  feet  wide,  £117. 

Altogether,  1,200,000  square  yards  were  treated  with  this  machine 
between  May  and  September  1906,  this  figure  including  roads  situated  in 
Worthing,  Hove,  £p8om,  Sutton,  and  Shoreham. 

Tar  to  be  used  in  road  work  is  generally  boiled  to  rid  it  of  the  light  oils 
and  water  before  being  applied.  The  tar  produced  by  different  works  varies 
very  much  in  quality,  depending,  in  a  great  measure,  on  the  description  of 
the  coal  used  at  the  gasworks,  and  also  on  the  tar-extracting  apparatus 
employed.  Refined  tar  of  the  best  quality  only  should  be  used  in  connection 
with  road  work. 

Tlie  surface  of  the  road  must  be  thoroughly  cleansed,  and  all  dust  and 
foreign  matter  swept  off.  In  some  instances  it  is  advisable  to  effect 
this  by  watering  the  road  in  order  to  rid  the  surface  of  extraneous  detritua 
The  road  should  be  in  a  thoroughly  dry  state  when  the  tar  is  applied,  and 
the  work  carried  out  during  fine  weather  only.  Hitherto  the  application 
of  tar  has  been  carried  out  by  means  of  watering  cans,  pails,  and  by  other 
like  methods,  and  under  these  conditions  it  is  necessary  that  the  tar  be 
very  hot  for  the  purpose  of  manipulating  it  when  in  as  liquid  a  condition 
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aa  possible.  After  flushing  the  surface,  men  with  brooms  are  emplojed  to 
spread  the  tar  equally  over  the  surface  of  the  road.  In  some  instanees 
small  hand- worked  spraying  machines  have  been  used  for  this  purpose 
The  road  when  under  treatment  is  either  closed  against  traffic,  or  one  half 
of  the  road  at  a  time  is  tarred  until  it  is  dry  and  hard  in  order  to  prevent 
the  tar  adhering  to  the  wheels  of  vehicles.  The  method  generally  adopted, 
however,  is  to  powder  the  surface  immediately  after  being  treated  with 
very  fine  chips  and  dust  from  a  stonebreaker,  sand,  or  other  soitaUe 
material.  The  latter  method  admits  of  traffic  passing  over  the  surface 
almost  immediately  after  being  tarred. 

Experimental  lengths  of  roads  treated  as  described  have  been  carried 
out,  among  other  places,  in  Buckinghamshire,  Kent»  Epsom,  Famham, 
and  Leith. 

358.  The  cost  of  applying  tar  in  the  manner  described  is  stated  to  be 
from  l^d.  to  2d.  per  square  yard,  including  the  tar,  which  varies  considerably 
in  price  in  different  localities.  For  the  purpose  of  comparison,  and  taking 
the  same  length  and  width  of  road  (one  mile  24  feet  wide)  as  in  the  previous 
instances,  the  cost  works  out  from  about  £73  to  £117.  These  figures  appear 
very  formidable,  and  such  expenditure  could  not  reasonably  be  expected  to 
be  undertaken  by  County  Councils,  although  the  life  of  roads  would  be 
greatly  prolonged  by  such  treatment. 

As  most  country  roads  are  only  on  an  average  16  to  18  feet  wide,  tlie 
expenditure  would  amount  to  from  £49  to  £73  per  mile  of  road  respectively. 

The  application  of  tar  carried  out  by  the  methods  described  above,  unless 
the  liquid  permeates  the  crust  of  a  road  to  a  certain  extent,  which  can  only 
bo  expected  in  cxccptionnl  cases,  is  affected  by  the  inclement  and  changeable 
weather  experienced  during  the  winter  season,  and  will,  in  most  instances, 
destroy  any  goo<i  results  effected  during  the  previous  summer. 

From  a  financial  point  of  view  it  would  not  be  practicable  to  incur 
the  expenditure  stated  each  year,  however  desirable,  so  far  as  results  are 
concerned  merely  in  the  suppression  of  dust. 

359.  Any  arrangement  by  which  the  tar,  either  in  a  hot  or  cold  state, 
could  be  sprayed  on  the  surface  of  roads  will  at  once  remove  the  great 
proportionate  expenditure  incurred  by  manual  labour. 

The  author  has  been  experimenting  for  many  years  past  with  the 
application  of  tar  to  macadam  roads  for  the  purpose  of  preventing  dust, 
and  particularly  with  a  view  to  economy  by  increasing  the  life  of  tlie  roads, 
and  with  this  object  in  view  he  has  devised  the  apparatus  described  in 
Chapter  VIII.  p.  312.  The  Pneumatic  Tar  Sprayer  is  shown  in  fig.  132 
discharging  tar  in  a  cold  state  on  a  macadamized  road.  In  this  machine 
the  double  duty  of  rapid  and  economical  distribution  is  fulfilled  by 
reducing  manual  labour  to  a  minimum.  With  this  apparatus  the  tar  is 
applied  in  the  form  of  a  fine  mist  or  spray  under  considerable  pressure  and. 


i^^H0-'fv  "^ 

^Smi 

^^^^D^^Hfiiji 

^^^B^Crnll  * 

^■fliiB 

HB» 

m^mm'    i 

lyr  <J 

H^K^. 

THE   PREVENTION   OP   DUST.  337 

apart  from  assuring  equal  disfcribution,  a  desideratum  in  most  methods  of 
applying  tar,  forces  it  into  the  binding  forming  part  of  the  road  crust.  The 
operation  is  simple,  and  no  labour  of  brushing,  either  manual  or  machine,  is 
required.  Thus  the  crust  of  the  road  is  impregnated  and  a  waterproof 
surface  is  obtained. 

The  depth  of  penetration  depends  greatly  on  the  clean  condition  of  the 
road  surface  before  application,  and  the  nature  and  proportion  of  the  binding 
originally  employed  when  repairing  the  roads.  When  loamy-sand  has  been 
used  the  penetration  is  markedly  greater  than  when  material  of  a  clayey 
description  has  been  adopted.  The  actual  penetration  varies  considerably 
even  on  roads  repaired  with  a  light  description  of  binding,  due,  no  doubt, 
to  the  unequal  amount  and  density  of  the  material  at  certain  spots.  The 
depth  of  penetration  is  generally  1  inch,  but  varies  up  to  3  inches.  The 
former,  however,  may  be  considered  as  a  fair  binding  medium  compared 
with  that  of  surface-flushing  applications  under  similar  conditions. 

860.  The  cost  of  applying  the  tar  by  this  method  at  2d.  per  gallon,  and 
including  team  labour,  on  one  mile  of  road  18  feet  wide,  amounts  to  £11. 
On  a  road  24  feet  wide  the  cost  would  be  £15  per  mile  for  one  dressing,  or 
about  ^.  per  square  yard,  assuming  the  supply  of  tar  is  provided  in  a  regular 
manner.  If  the  spraying  apparatus  is  fixed  to  a  motor  van  having  a  large 
tank  capacity,  the  cost  of  application  would  be  correspondingly  decreased. 
Dusting  over  or  powdering  the  surface,  preferably  carried  out  by  a  sanding 
machine,  is  of  course  additional,  but  these  figures  are  given  for  the  com- 
parative cost  as  against  other  methods  of  treating  road  surfaces.  The  cost 
of  spraying  tar  will  vary  in  difierent  localities,  depending  on  whether  it 
is  obtained  in  a  crude  or  refined  state,  and  on  the  facility  with  which  it 
can  be  procured  in  sufficient  quantity.  The  distance  of  the  road  to  be 
treated  from  the  source  of  supply  and  other  circumstances  must  also  be 
taken  into  account. 

Portions  of  difierent  roads  have  been  treated  by  the  method  described 
with  beneficial  results,  not  only  showing  a  prevention  of  dust  in  fine  weather 
but  also  absence  of  mud  after  rain.  It  was  particularly  noticeable  also 
that  when  a  thaw  with  a  muggy  atmosphere  succeeded  frost,  the  lifting  or 
'  licking-up '  of  the  road-stones  by  the  wheels  of  vehicles,  common  under 
such  circumstances  on  a  road  repaired  in  the  ordinary  way,  did  not  take 
place. 

Although  these  methods  of  treating  macadamized  roads  is  a  step  in 
advance  compared  with  the  system  of  applying  the  tar  by  manual  labour, 
and  with  the  use  of  palliatives  or  temporary  remedies,  no  real  solution  of 
the  dust  problem  has  for  the  time  being  been  found,  but  there  can  be  no 
doubt  that  the  building  up  of  the  road-stone  coating  with  a  matrix  of  tar, 
chips,  and  dust  as  a  binding  medium,  is  the  best  possible  method  of  solving 
the  dust  problem  in  a  satisfactory  and  permanent  manner. 

22 
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861.  The  life  of  a  road  repaired  in  the  ordinary  way  is  dependent 
primarily  on  the  quality  of  the  material  used  and  the  amount  of  traffic 
passing  over  it,  so  that  the  intervening  period  of  repairs  varies  from  two 
to  five  years  or  longer,  according  to  circumstances.  Under  these  conditioDi 
the  method  of  construction  advocated  would  take  years  to  accomplish,  bat 
the  dressing  of  the  surface  of  the  roads  by  tar  spraying,  and  to  some  extent 
by  the  palliative  remedies  now  in  use,  would  suppress,  or  at  least  lessen,  the 
dust  in  fine  and  the  mud  in  wet  weather.  These  measures  appear  neceasaiy 
as  long  as  and  until  a  more  thorough  system  of  repairing  roads  by  the 
different  methods  described,  t.e.  by  the  use  of  tar  macadam,  tar-mac,  or  by 
treating  the  road-stones  in  situ  with  tar,  is  adopted. 

Some  years  ago  trials  were  made  in  the  United  States  with  the  use 
of  tar  as  a  matrix,  but  owing  to  its  non-success  the  method  was  discarded. 
Recently,  however,  f uther  tests  have  been  carried  out  at  Jackson,  Tennessee, 
and  were  described  in  the  Surveyor*  The  tar  was  applied  hot,  and  bmshed 
over  tlie  road  surface  with  manual  labour.  The  coating  of  sand  was  then 
spread  over  after  the  road  had  absorbed  the  tar.  This  absorption  process 
varied  from  eight  to  ten  hours  in  very  hot  weather,  and  when  completed  the 
surface  was  rolled.  The  cost  of  the  operation,  which  included  sweepings 
tarring,  dusting  over  the  surface  and  rolling,  amounted  to  nearly  2d.  per 
square  yard.  Treating  the  surface  with  oil  was  also  tried,  but  the  results 
were  not  so  successful. 

362.  '  Taafalt.' — This  preparation,  unlike  some  of  those  already  men- 
tioned, is,  in  a  measure,  of  an  enduring  nature,  and  is  mainly  composed  of  ta? 
or  pitch,  powdered  limestone,  granite,  or  furnace  slag  and  an  alkaline  solution. 
These  are  mixed  in  their  proper  proportions,  and  heated  to  over  300*  in  a 
vacuum.  When  the  amalgamation  is  complete,  through  chemical  changes, 
the  material  is  poured  into  moulds  and  is  thus  formed  into  blocks  and 
then  stored  ready  for  use.  As  an  alternative  the  material  may  be  treated 
at  the  road  side  and  applied  direct  to  the  surface. 

It  may  be  used  on  an  existing  road  the  surface  of  which  is  fairly 
uniform,  with  the  addition  of  limestone  chippings  rolled  into  the  composi- 
tion before  it  sets  hard.  The  preparation  may  also  be  employed  when 
repairing  roads  with  metal  coatings  by  spreading  it  over  the  surface  about 
half  an  inch  thick.  Being  a  surface  application,  the  useful  effects  will  last 
until  worn  down  to  the  road  metalling. 

'Taafalt'  has  been  laid  at  various  places,  among  which  is  the  pro- 
menade between  Westcliffe-on-Sea  and  Leigh-on-Sea,  where  it  is  subjected 
to  conditions  of  an  exceptional  character.  It  is  claimed  for  'Toafalt' 
that  it  is  "dustless,  durable,  resilient,  and  non-skidding."  It  affords  good 
footliold  for  horses,  is  waterproof,  and  is  unaffected  by  climatic  changes. 

With  this  preparation  there  is  no  wear  of  the  road  proper,  the  'Taafalt' 

*  16th  November  1906. 
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doing  duty  as  the  wearing  medium.  With  heavy  traction  engine  traffic  it 
is  douhtful  whether  a  composition  the  wearing  constituents  of  which  are 
such  material  as  limestone  chippings  and  small  slag  would  have  a  veiy 
long  life. 

The  cost  of  the  preparation  laid  on  a  road  amounts  to  4d.  per  square 
yard.  On  a  road  18  feet  wide  an  expenditure  of  £176  would  be  incurred, 
and  on  one  24  feet  wide  it  would  amount  to  £235  per  mile. 

868.  Another  method  of  making  an  asphalt-like  surface  is  carried  out 
by  using  chippings  well  coated  with  tar,  which  acts  as  a  flux  or  binder  in 
repairing  roads  by  re-coating.  A  layer  of  the  prepared  composition  is  placed 
on  the  old  surface,  over  which  the  metalling  is  spread  and  then  rolled. 
The  plastic  composition  is  forced  into  the  interstices  of  the  road-stones 
during  the  process  of  rolling,  the  result  being  in  appearance  a  satisfactory 
piece  of  work.  The  road  presents  a  homogeneous  and  uniform  surface,  and 
the  amount  of  rolling  necessary  is  less  than  that  required  under  the  ordinary 
method  of  using  water  and  earthy  binding.  To  some  extent  the  cost  of 
rolling  is  reduced,  but  the  additional  expenditure  involved  in  spreading  the 
road  metal  under  these  conditions  does  not  lessen  the  total  cost  materially. 
Besides  this,  the  author  has  found  that  the  matrix  composition,  owing  to  its 
density,  gives  an  undue  proportion  of  small  matter  compared  with  hard 
wearing  material,  and,  in  addition,  too  much  tar  is  incorporated  in  the  crust 
of  a  road  thus  made.  The  result  is  that  an  irregular  surface  is  formed  by 
wheel  traffic  under  varying  climatic  conditions. 

Whinstone  chippings  similarly  treated  have  been  used  in  a  thin  layer 
as  a  top  dressing  on  macadamized  roads  with  good  results  so  long  as  fine 
weather  is  experienced.  The  composition,  however,  cannot  be  properly 
amalgamated  with  the  metalling,  and  has  a  tendency  to  peel  off  the  surface 
of  the  road  during  wet  weather,  and  especially  after  the  prevalence  of  frost. 
The  cost  of  this  method,  as  carried  out  in  the  Highland  district  of  Perthshire, 
amounts  to  about  |d.  per  square  yard. 

864.  Oil-gas  tar  has  also  been  fairly  extensively  used  for  the  prevention 
of  dust,  and  the  results  are  said  to  have  been  satisfactory.  Being  more 
fluid  than  ordinary  tar,  it  is  easily  distributed  by  means  of  water-carts,  not 
possessing  the  same  body  as  coal-tar.  This,  however,  makes  it  necessary  to 
increase  the  number  of  applications  during  the  season  in  order  to  secure 
effective  results.  The  cost  of  using  this  material  is  said  to  work  out  at 
about  £14  per  mile  for  each  application. 

In  the  experiments  carried  out  at  Tunbridge  Wells*  an  oil  was  used 
which  is  a  by-product  in  the  manufacture  of  coal  gas,  enriched  with 
carburetted  water-gas.  The  oil  used  for  this  enriching  process  is  known  in 
the  trade  as  solar  oil,  which  is  a  by-product,  previously  a  waste  product, 
in  the  refining  of  Russian  oil.     Russian  crude  oil  is  a  heavy  oil,  and  yields 

*  Report  by  Mr.  Maxwell,  The  Street,  28th  July  190«. 
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very  different  products  from  the  Pennsylvanian  oil,  which  pooBesseB  i 
paraffin  base.  It  is  found  that  the  oil-gas  tar,  as  it  is  called,  obtained  from 
the  gasworks,  gives  very  satisfactory  results  when  applied  to  roadways. 

The  method  adopted  in  laying  down  this  oil  is  as  follows : — 

The  preliminary  making  good  of  the  roadway  surfaces;  the  thorough 
sweeping  off  of  loose  dust  and  horse  droppings;  the  preparation  and  heating 
of  the  oil-gas  tar  at  the  site  in  a  suitable  50-gallon  cauldron ;  the  applioatioD 
of  the  liquid,  in  its  hottest  condition,  to  the  well-cleaned  road  sur&boe  hj 
means  of  hand  water  cans  with  coarse  rose  or  spreader,  or  from  a  small 
hand  water-cart,  which  is  preferable  to  the  use  of  an  ordinary  horse  wate^ 
cart,  as  the  smaller  bulk  of  liquid  facilitates  its  application  in  the  hottest 
condition,  and,  too,  hand  distribution  is  found  more  flexible  in  woridng 
with  the  traffic,  which  need  not  be  slopped ;  and  the  brushing  of  the  liquid 
into  the  surface  with  fairly  stiff-haired  tar-brushes.  The  number  of 
coatings  was  repeated  until  the  pores  of  the  road  surface  showed  signs  of 
being  well  filled,  and  a  close  asphalt-like  face  obtained. 

The  advantages  of  the  treatment  experienced  were:  The  oil-gas  tar 
could  be  applied  to  the  road  without  stopping  the  traffic,  and  the  liquid 
sunk  rapidly  into  the  road  crust  so  that  vehicles  were  able  to  pass  over  tKe 
site  without  inconvenience  almost  immediately ;  there  was  no  tendency  to 
'  lick  up '  at  any  time  either  when  freshly  put  down  or  after  rain.  The 
closing  of  the  road,  diversion  of  traffic,  licking  up,  and  working  into  ridges 
caused  by  the  traffic,  are  important  practical  disadvantages  in  the  use  of 
ordinary  gas  tar  (applied  by  hand)  not  present  in  the  case  of  the  oil-gas 
tar  as  used  at  Tunbridge  Wells;  the  application  can  be  much  more 
expeditiously  done  than  is  the  case  with  coal-gas  tar,  and  the  cost  was  found 
to  be  very  much  less,  owing  to  the  lower  price  of  the  oil-gas  tar  and  reduc- 
tion of  labour  in  its  application.  The  first  coat,  including  preparation  and 
sweeping  of  the  roadway  surface,  cost  about  a  halfpenny  per  square  yard, 
while  each  succeeding  coat  cost  less,  owing  to  the  greater  area  covered  per 
hour  and  per  gallon  of  liquid  ;  the  surface  was  not  adversely  affected  by  rain, 
and  the  treatment  remained  in  good  condition  from  May  till  the  end  of 
October  on  surfaces  lying  fairly  level,  and  much  longer  on  roads  having  a 
small  incline  sufficient  to  keep  them  well  drained ;  the  protective  asphaltrlike 
skin  which  quickly  formed  under  the  run  of  traffic  over  the  surface  of  the 
road  effectually  prevented  dust  and  materially  reduced  wear  and  attrition 
of  the  road  metalling  surfaces. 

865.  As  has  already  been  mentioned,  the  quality  of  distilled  tar  is  an 
important  factor  in  spraying  road  surfaces.  If  the  distillation  be  pushed 
too  far  or  pitch  added  to  an  excessive  degree,  the  tar  will  become  brittle 
after  setting,  and  liable  to  be  crushed  into  a  form  of  powder  by  wheel  traffic, 
which  is  most  destructive  and  worse  than  ordinary  road  dust.  On  the 
other  hand,  if  it  is  insufficiently  boiled,  then  the  volatile  oils  which  remain 
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will  be  adversely  affected  by  the  atmosphere,  and  possibly  cause  disintegra- 
tion. The  application  of  boiling  tar  to  a  cold  road  surface,  especially  if  the 
road-stones  are  fully  exposed,  or  should  the  metalling  be  chiefly  composed 
of  large  crystals  of  quartz,  has  a  tendency  to  become  chilled  on  the  surfaces 
of  the  stones,  and  consequently  the  tar  will  not  adhere  to  them,  which 
adversely  affects  the  dressing  on  the  advent  of  rain,  and  particularly  during 
the  winter  months. 

Too  much  tar  on  the  surface  of  a  road,  a  common  experience  with  hand- 
painting  and  sweeping,  is  more  objectionable  than  the  evil  which  its  appli- 
cation is  intended  to  cure.  It  may  present  a  fairly  satisfactory  surface 
under  normal  weather  conditions,  but  during  hot  weather  it  is  easily 
indented  and  has  a  ribbed  and  irregular  appearance,  while  in  wet  weather 
the  extraneous  tar  is  invariably  converted  into  greasy,  slimy  mud. 

In  fact,  tar  painting  or  spraying  is  useless  unless  there  is  an  effective 
penetration  of  the  surface  of  the  road,  and  undoubtedly  the  pneumatic  tar 
sprayer  has  proved  itself  to  be  a  most  efficacious,  economical  and  expeditious 
apparatus  in  accomplishing  the  end  in  view  as  well  as  in  preserving  the 
cohesion  of  the  crust  of  the  road,  which  becomes  of  a  durable  nature. 

Tar  spraying  for  the  prevention  of  dust,  and,  to  a  certain  extent,  to  assist 
in  prolonging  the  durability  of  the  roads,  may  now  become  more  widely 
adopted  by  the  use  of  this  mechanical  apparatus.  Tar  treatment,  hitherto 
carried  out  chiefly  by  manual  labour,  was  an  expensive  luxury  by  reason  of 
the  crude  process  of  application.  Now,  however,  it  can  be  executed  in 
much  less  time  and  at  a  fraction  of  the  cost  formerly  necessary. 

Tarring  roads  is  the  cheapest  form  of  dust  prevention,  providing  the  tar 
is  distilled  and  of  good  quality  and  properly  applied.  A  road  so  treated 
combines  many  of  the  advantages  of  asphalt,  with  perfect  freedom  from 
dust  and  increased  durability,  owing  to  its  practically  waterproof  character. 
It  is  a  more  effective  and  durable  method  than  any  of  the  preparations 
previously  tried,  and  affords  a  good  foothold  for  horses,  is  comparatively 
noiseless,  while  it  lessens  the  cost  of  scavenging. 

The  life  of  tarred  roads  efficiently  carried  out  is  still  an  open  question,  and 
time  will  be  required  to  determine  their  value  in  this  respect,  though  from 
the  experience  already  gained  it  would  not  be  too  much  to  expect  that  the 
life  of  8  road  properly  treated  would  be  doubled. 
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CHAPTEB    X. 

CARRIAGEWAYS  AND  FOOTWAYS. 
PRBLIMINARY  RBMARKS — FOUNDATIONS  AND  PITCHSD   PAVSMBNT8. 

866.  The  method  of  paving  streets  and  carriageways,  which  forms  Part  II. 
of  this  treatise,  will  now  be  described,  beginning  with  the  earlier  kinds 
of  material  used,  such  as  cobblestones,  and  finishing  with  what  is  now 
employed  in  the  large  cities  and  towns  of  this  country. 

The  historical  part  of  this  subject,  as  also  the  methods  adopted 
in  obtaining  many  of  the  kinds  of  material  used  for  paving  purposes, 
but  especially  in  connection  with  the  construction  and  repairs  of 
macadamized  roads  by  steam-rolling,  have  been  fully  explained  in  the 
different  chapters  in  I^art  I.  Such  matters,  therefore,  will  only  be 
alluded  to  in  the  following  pages  as  are  necessary  to  further  elucidate  or 
amplify  the  subject. 

Stone  in  many  different  forms  has  been  made  use  of  as  a  paving  material 
from  the  time  of  the  Romans,  who  employed  blocks  of  an  irregular  shape 
laid  on  a  foundation  of  concrete,  which  presented  great  solidity  and  was 
extremely  durable. 

The  surface  of  these  large  blocks  having  few  and  irregular  joints, 
however,  does  not  afford  a  good  foothold  for  horses,  owing  to  its 
wearing  smooth;  consequently  this  form  of  paving  is  not  suitable  for 
modern  traffic. 

Boulder  or  cobblestone  pavements  were  much  used  in  the  towns  of  this 

country  until  they  were  superseded  by  regular  pitched  paving.     Cobbles 

make  a  very  noisy  pavement,  and  from  the  irregular  shape  of  the  stones 

it  is  impossible  to  joint  them  closely.     The  surface,  therefore,  cannot  be 

properly  cleansed,  and  consequently  they  form  an  unsuitable  as   well   as 

an  insanitary  paving  material.     Streets  in  many  of  the  English  towns  are 

34a 
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still  paved  with  cobbles,  but  these  are  being  gradually  replaced  by  better 
descriptions  of  pavement. 

The  large  regular-shaped  blocks,  8  inches  wide,  introduced  in  more 
recent  years,  have  been  gradually  reduced  in  size,  the  width  of  the  setts 
now  used  being  generally  3  inches,  laid  on  a  foundation  of  Portland 
cement  concrete. 

367.  Other  materials  used  at  the  present  time  for  paving  carriage- 
ways are  wood,  asphalt,  brick,  tar-macadam,  many  kinds  of  artificial 
stone  and  blocks,  and  ordinary  road  metalling  consolidated  by  steam- 
rolling. 

Where  the  vehicular  traffic  is  very  heavy,  and  the  annual  cost  of 
maintenance  and  scavenging  is  consequently  high,  it  is  desirable  to  adopt 
either  of  the  paving  materials  already  mentioned,  so  aa  to  provide  a  harder 
and  more  durable  surface,  and  construct  a  more  permanent  roadway  than 
can  be  made  by  ordinary  macadam. 

368.  In  this  country,  authorities  on  the  subject  fix  the  limit  for  traffic 
at  40,000  tons  per  yard-width  of  road  per  annum,  and  for  maintenance  of 
macadamized  roads,  including  cleansing  and  watering,  at  2s.  per  square  yard 
annually.  When  these  figures  are  reached,  that  description  of  pavement 
should  be  adopted  which  is  most  suitable  to  the  location  of  the  thoroughfare 
and  the  class  of  traffic  passing  over  it. 

It  should  also  be  remembered  that  certain  specific  interests  have  to  be 
considered  in  dealing  with  this  somewhat  complicated  question.  The 
principal  points  in  connection  with  this  are :  first  cost  of  construction  and 
maintenance ;  description  of  material  in  relation  to  noise,  dust,  and  mud ; 
ease  of  traction,  or  the  economical  conveyance  of  merchandise,  and  wear 
and  tear  of  horses  and  vehicles,  as  well  as  safety  in  travelling.  The 
interests  of  owners  of  horses  and  vehicles,  especially  motor  cars,  who 
are  the  principal  users  of  the  streets,  also  merit  important  consideration. 
Ease  of  traction,  or  the  economical  conveyance  of  merchandise,  has  to  be 
considered,  as  has  also  the  immunity  from  accidents  by  falls — that  is,  the 
comparative  safety  in  travelling.  Neglect  of  these  considerations,  and  the 
consequent  damage  to  horses'  legs  and  hoofs,  will  necessarily  represent  a 
considerable  loss  of  money  annually,  and  attention  to  them  a  proportionate 
diminution  of  loss. 

Economy  in  the  ultimate  cost  of  construction  and  maintenance  is  of 
considerable  importance,  and  affects  the  ratepayers  directly,  while  noiseless- 
ness  and  absence  of  dust  or  mud  affect  pedestrians,  business  people,  and 
shopkeepers.  On  the  other  hand,  good  foothold  and  smoothness  affect  all 
those  who  own  horses  and  vehicles. 

869.  Some  of  the  essential  features  which  a  good  pavement  for  the 
carriageways  of  cities  and  towns  should  possess  may  be  summarised  as 
follows : — 
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(1)  It  should  be  impervious. 

(2)  It  should  be  suitable  for  varying  gradients  and  afford  good  footboM 
for  horses. 

(3)  It  should  be  durable,  moderate  in  first  cost  and  subsequent  ammal 
repairs,  have  sufficient  curvature  to  throw  off  surface  water  rapidly,  and  be 
non-absorbent  and  easily  cleansed. 

(4)  It  should  be  as  noiseless  as  possible. 

(5)  It  should  be  constructed  with  a  sufficient  foundation  for  the  class 
of  traffic  which  it  has  to  bear,  so  as  not  to  subside  under  the  influence  of 
heavy  loads. 

(6)  It  should  present  a  uniform  and  smooth  surface,  bo  as  to  allow  of 
easy  traction. 

The  conditions  enumerated  affect  those  interested  in  a  varying 
degree;  consequently  the  usual  difficulty  is  to  carry  out  one  or  two  of 
the  essential  requirements  without  sacrificing  the  individual  interests  of 
the  inhabitants. 

The  details  referred  to  affect  the  several  kinds  of  pavement  differently, 
and  will  therefore  be  described  under  each  separate  class. 

370,  A  pavement  which  is  eminently  suitable  for  the  thoroughfare  of  a 
provincial  or  agricultural  town  will  not,  in  the  generality  of  cases,  be 
appropriate  for  the  carriageway  of  a  city  or  manufacturing  town,  where  the 
streets  are  subjected  to  a  heavy  and  continuous  traffic.  Neither  the  physical 
features  of  a  town,  nor  the  climate,  should  be  lost  sight  of  in  determining 
the  pavement  best  adapted  to  a  street  or  carriageway. 

As  illustrating  the  effect  of  traction  on  some  of  the  different  kinds  of 
materials  used,  the  following  table,  now  universally  adopted,  may  be  given, 
previous  to  describing  in  detail  the  construction  of  the  several  pavements 
made  use  of  at  the  present  time  for  provincial  and  metropolitan  street  traffic 

Table  XXXIX. 

Traction  on  level  roads  formed  of  different  materials,  asplialt  being 

tak^n  as  tJte  standard  of  excellence. 

Asphalted  roadway, I'O 

Paved  roadway,  dry  and  in  good  order, 
,,  ,,         in  fair  order,       .... 

,,  ,,  ,,  but  covered  with  mud. 

Macadamized  roadway,  dry  and  in  good  order, 
,,  ,,         in  a  wet  state,  . 

,,  ,,        in  fair  order,    . 

,,  ,,  ,,  but  covered  with  mud, 

,,  ,,         with  the  stones  loose. 

Another  useful  table,  prepared  from  experiments  made  by  Mr  Amos 
on  different  descriptions  of  pavement  in  the  city  of  London,  is  also 
included : — 


1-5  to  20 
2-0  „  2-6 
20  „  2-7 
2  6  „  3-0 
3-3 
4-6 
6-5 
5*0  to  8-2 
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Table  XL. 


Soad  MAtftrial. 

Speed  in 

miles  per 

hour. 

Draught 
inlba. 

Fraction 
of  load. 

Tractive 

force  in 

decimals  of 

the  load. 

Gravelly    macadam     in    a    sidef 
street, I 

6-945 

126*6 

1 
45-8 

-0219 

8-45 

114*822 

1 
60*8 

•0197 

Granite  pitching  by  side  of  tram- 
way,        

5-16 
8*196 

70-968 
41*982 

1 

811 
1 

187-8 
1 

•0123 
•0072 

k 

2-657 

46-572 

121 

1 

21-9 
1 

-0082 

Granite  macadam  *  freshly  laid,'  .  j 

4-289 

262*886 

-0456 

2-776 

242-726 

287 
J 

•0421 

I 

6  026 

91-526 

049 

-0158 

Asphalt  pavement,               .        ./ 

8-56 

69-758 

1 
82-6 

•0121 

I 

5*687 

84*268 

1 
«8-8 

•0111 

r 

8*982 

118-168 

1 

48-7 
1 

661! 
1 

-0205 

Wood  pavement, 

3-278 

102*412 

•0177 

\ 

8-827 

100-066 

67-6 

•0173 

Macadam  road  (very  good)  on  Vic- 

toria Embankment, 

6*66 

10906 

1 
62-7 

•0181 

• 

871.  Boulder  or  Cobblestone  pavements  at  one  time  formed  the 
principal  paving,  and  still  exist  to  a  considerable  extent  in  some  of  the 
cities  and  provincial  towns  in  England.  They  afford  a  fairly  good  foothold 
for  horses,  but  the  roughness  of  the  surface  makes  travelling  over  them 
very  unpleasant,  and  causes  excessive  vibration. 

This  paving,  which  possesses  the  merit  of  cheapness,  is  easily  displaced 
by  the  action  of  the  traffic  and  frost,  owing  to  the  irregular  shape  of  the 
stones,  and  the  large  joints  necessary,  while,  at  the  same  time,  a  considerable 
expenditure  of  tractive  energy  is  required  to  move  loads  over  them.  For 
the  same  reasons,  as  already  mentioned,  it  is  almost  impossible  to  keep  the 
surface  in  a  clean  and  sanitary  condition. 

872.  It  was  also  found  that  the  increasing  vehicular  traffic  in  many  of 
the  larger  towns  entailed  a  greater  cost  for  maintenance  each  year,  while 
the  discomfort  and  noise  of  the  boulder  pavements,  the  irregularities  caused 
through  wear  on  macadamized  roads,  and  the  production  of  mud  and  dust 
daring  certain  seasons  of  the  year,  led  to  the  substitution  of  ^  laot^  ^?Qcv\«i^^ 
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class  of  material  in  the  form  of  'cubed  granite'  or  'setts'  for  making 
carriageways  and  streets. 

This  class  of  paving  was  first  introduced  into  London  in  1824  by  Telford 
and  laid  in  Hanover  Square,  although  it  is  recorded  that  a  pitched  payement 
was  constructed  in  this  city  in  1762,  replacing  an  old  cobblestone  pavement. 
The  stones  or  setts  then  used  were  much  larger,  compared  with  the  practice 
at  the  present  time,  being  generally  from  6  to  8  inches  wide,  9  inches  deep^ 
and  12  inches  long. 

The  earlier  pavements  laid  in  London  and  other  towns  were  constructed 
in  the  following  manner : — After  the  soil  had  been  removed  to  a  proper 
depth  and  the  foundation  properly  prepared,  a  substratum  of  metalling  or 
hard  core  was  spread  generally  to  a  thickness  of  from  9  to  12  inches;  in 
streets,  however,  which  had  to  bear  the  heaviest  traffic,  the  bottoming  was 
increased  in  thickness  to  15  inches.  On  this  stratum  was  spread  a  coating 
of  sand  in  which  the  setts  were  bedded.  The  principal  thoroughfares  in 
London  at  that  period  (1828  to  1838)  were  laid  in  this  manner,  the  setts 
being  of  Aberdeen  granite,  6  to  7^  inches  wide  and  9  inches  deep. 

This  class  of  pavement  had  a  life  of  from  fourteen  years  in  Fleet  Street 
to  twenty-four  years  in  Cannon  Street;  the  first  cost  averaged  from  lis.  to 
17s.  per  square  yard,  while  the  amount  expended  annually  for  repairs  up 
to  the  year  1840  was  Ifd.  in  the  former  street  and  Id.  per  square  yard  in 
the  latter  thoroughfare.  In  the  year  1854  the  annual  cost  of  maintenance 
had  risen  to  3d.  per  square  yard  in  Fleet  Street. 

These  paving  setts  when  lifted  were  re-dressed  and  used  again  in  some 
8u])aidiary  street  where  the  traffic  was  not  heavy.  There  the  paving  had  a 
further  life,  extending  in  some  instances  to  about  fourteen  years,  making  a 
total  duration  of  about  thirty  years. 

In  many  cases  the  paving  setts  were  laid  directly  on  the  subsoil,  after 
this  had  been  formed  to  a  proper  contour,  and  the  joints  were  filled  with 
sharp  sand  or  fine  gravel. 

The  dimensions  of  paving  setts  were  reduced  about  the  year  1850  to 
5  inches  in  width,  subsequently  to  4  inches,  and  then  to  3  inches,  which, 
with  a  depth  of  7^  inches  and  a  length  not  exceeding  12  inches,  are,  with 
a  few  exceptions,  the  standard  sizes  of  paving  setts  employed  at  the 
present  time. 

The  system  of  laying  the  paving  direct  on  the  prepared  ground  or 
even  on  a  loose  stratum  of  hard  core,  although  still  followed  in  many 
instances,  has  been  gradually  superseded  ])y  forming  the  foundation  with 
Portland  cement  concrete.  The  thickness  and  strength  of  this  class  of 
foundation  is  regulated  according  to  the  amount  and  class  of  the  traffic 
which  has  to  be  accommodated. 

373.  The  *Eu8ton  Pavement.' — One  of  the  first  really  good  pitched 
pavements  inade  in  London  was  that  known  as  the  'Euston  Pavement,' 
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which  was  constructed  in  the  following  manner : — The  ground  was  prepared 
to  the  requisite  depth  and  had  the  same  curvature  as  the  surface  of  the 
intended  roadway  when  finished.  Upon  this  prepared  ground  a  coating  of 
coarse  gravel  was  spread  4  inches  in  thickness  and  well  rammed.  On  this 
layer  another  coat  of  gravel,  mixed  with  a  small  quantity  of  chalk  for 
binding,  was  spread  and  rammed.  On  this  stratum  was  placed  another 
coat  of  fine  gravel,  upon  which  foundation  the  setts  of  Mount  Sorrel 
granite  were  laid,  bedded  in  1  inch  of  fine  sand.  The  size  of  the  stones 
was  3  inches  square  and  4  inches  deep,  hammer-dressed  and  squared,  set 
close  together  and  laid  at  right  angles  to  the  kerb.  The  stones  were 
thoroughly  rammed  by  the  pavior,  the  whole  surface  being  finished  by 
spreading  over  it  screened  gravel,  which  was  allowed  to  find  its  way  into 
the  joints  by  the  action  of  the  wheel  traffic,  thereby  steadying  the  whole 
pavement.  The  cost  of  this  pavement,  including  foundations,  is  stated  to 
have  been  12s.  per  square  yard. 

874.  Width  of  Carriageways. — ^The  width  of  carriageways  in  cities  and 
provincial  towns  varies  according  to  the  requirements  and  character  of  the 
traffic,  and  may  be  from  16  to  40  feet,  a  multiple  of  8  feet  generally 
being  adopted,  which  is  considered  ample  for  fast  travelling  vehicles  to 
pass  each  other  safely. 

Width  in  BelatiQii  to  Traffic.  Congestion  of  Street  Traffic.  ~The 
congestion  in  many  streets  from  the  enormous  expansion  of  the  traffic  in 
the  leading  thoroughfares  of  London  and  other  cities  is  becoming  more 
serious  every  year.  This  state  of  matters  has  called  forth  an  expression  of 
opinion  that  new  main  thoroughfares  should  be  constructed  having  a 
width  of  from  80  feet  to  125  feet,  diverging  in  different  directions,  in  order 
to  adequately  accommodate  the  increase  of  wheel  traffic,  which  is  becoming 
greater  every  year,  and,  in  many  instances,  is  becoming  unmanageable. 
With  this  greater  width  the  vexatious  delays  experienced  at  present  would 
be  greatly  reduced,  if  not  altogether  removed. 

At  the  present  time  the  general  practice  in  London  and  in  many 
other  large  towns,  where  the  wheel  traffic  is  continuous,  is  to  widen  the 
carriageways  at  the  intersections  of  the  streets,  which,  in  addition  to 
providing  space  for  refuges  or  resting  places  for  the  convenience  of 
pedestrians  crossing  the  thoroughfares,  regulates  and  expedites  the 
movements  of  vehicles  at  these  points. 

Wide  streets  add  materially  to  the  health  of  the  inhabitants,  and,  in  a 
measure,  remove  the  crowded  appearance  so  common  in  many  old  towns, 
while  the  greater  space  between  the  buildings  gives  dignity  to  the  thorough- 
fares and  an  air  of  comfort  to  the  surroundings. 

870.  Oradients  and  Contour. — For  the  purposes  of  wheel  traffic  the 
best  form  of  longitudinal  and  cross-section  would  naturally  be  that  of  a 
level    plane,    aa    any    inclination    produces    friction    and    caiT!A.%.^%w^ 
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necessitates  additional  force  for  traction,  and  causes  greater  wear  and  fteir 
of  horses  and  vehicles.  As,  however,  the  sorfiice  water  must  be  drained 
rapidly  from  the  thoroughfare,  especially  after  a  heavy  rainfidl,  a  certain 
amount  of  inclination,  both  longitudinally  and  transversely,  is  necessaiy. 
The  contour  usually  given  to  a  street  varies  from  ^  to  ^  of  its  width, 
that  is,  between  the  kerb  on  each  side,  according  to  the  longitudinal 
gradient,  while  in  many  cases  a  radius  of  300  feet  is  adopted.  This  latter, 
on  a  carriageway  40  feet  wide,  gives  a  rise  of  7^  inches  at  the  crown, 
which,  however,  is  excessive  under  normal  conditions.  On  this  width  of 
thoroughfare  a  rise  of  6  inches  is  considered  sufficient^  increasing  at  points 
to  7  or  8  inches,  where  gullies  are  placed  to  collect  and  dispose  of  the 
surface  water. 

The  standard  contour  adopted  in  Liverpool,  where  pitched  pavements 
are  almost  exclusively  used,  is  shown  in  fig.  133,  the  rise  or  versine  being 
fixed  at  1  in  48  from  the  channel  to  the  crown. 

The  longitudinal  section  of  a  street  should,  whenever  practicable,  have 
a  gradient  of  not  less  than  1  in  120  to  1  in  150  in  order  to  give  efiee- 

jt-- Ae\  o'i ♦; 
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Fio.  188. — Contour  adopted  for  streets  in  Liverpool. 

tive  and  speedy  drainage  at  the  channels,  but  when  the  gradient  is  less  a 
greater  number  of  gullies  will  be  necessary  to  properly  discharge  the  surface 
water.  On  very  hilly  ciiiTiageways,  owing  to  the  great  rush  of  surface  water 
after  a  heavy  rainfall,  a  larger  number  of  gullies  of  greater  capacity  are  like- 
wise necessary  to  intercept  the  water  and  detritus,  compared  with  streets 
having  only  a  moderate  gradient. 

The  crown  level  longitudinally  should  be  uniformly  maintained,  if  at 
all  practicable,  from  street  to  street  in  order  to  avoid  undulations  which 
greatly  interfere  with  the  free  passage  of  vehicles. 

376.  The  situation  of  an  existing  street,  owing  to  the  topographical 
features  of  the  locality,  does  not  always  admit  of  a  comprehensive  system  of 
gradients  being  established.  In  villages  and  suburban  districts,  which,  in 
the  course  of  time,  may  be  merged  within  the  boundaries  of  an  a4Joining 
town,  the  widths  and  grailicnts  should  be  adjusted  previous  to  the  process 
of  improvements  and  re-building  operations  being  commenced,  which  sooner 
or  later  will  in  all  probability  take  place. 

The  difficulty  of  obtaining  suitable  gradients  in  many  cases  is  very  great, 
especially  where  an  existing  building  has  been  erected  so  as  to  avoid  under- 
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building,  and  the  floor  level  of  which  may  be  either  too  high  or  too  low  for 
any  prospective  improvements  in  the  gradient  of  the  street.  Excessively 
deep  cuttings  or  high  embankments  which,  if  executed  to  give  a  uniform 
and  easy  gradient,  might  affect  the  value  of  adjoining  property,  may  demand 
steeper  gradients  than  would  be  permissible  under  ordinary  circumstances. 

It  should  be  the  aim  of  those  in  authority  to  endeavour  to  fix  a  system 
of  gradients  convenient  for  the  traflic  generally,  rather  than  to  consider  the 
interests  of  particular  individuals. 

In  most  instances  the  work  of  construction  in  forming  streets  is  under- 
taken and  carried  out  by  contractors  by  an  offer  at  schedule  prices,  so  that 
detailed  information  as  to  the  different  methods  adopted  by  them  in 
executing  the  work  is  not  considered  necessary.  The  more  important 
operations  and  other  relative  matters  will  be  dealt  with  when  it  is  con- 
sidered essential  to  further  elucidate  the  general  description  of  any 
particular  class  of  work. 

877.  Formation  of  Carriageways. — The  ground  on  which  the  street  is 
to  rest  is  prepared  by  excavating  or  making  up,  as  may  be  found  necessary, 
to  the  lines  and  levels  shown  upon  the  suggested  plan  and  section.  This 
applies  both  to  new  and  the  re-making  of  existing  carriageways,  except  in 
the  case  where  concrete  has  already  been  employed  as  a  foundation,  the 
ground  being  made  thoroughly  solid  by  steam-rolling.  When  a  soft  or 
unsuitable  subsoil  is  met  with  in  the  bed  of  the  roadway,  it  should  be 
removed  to  such  an  extent  and  depth  as  may  be  found  necessary,  the  voids 
being  replaced  with  hard  sound  material.  Where  it  is  necessary  to  embank 
the  roadway^  the  filling  should  be  done  in  layers  not  exceeding  6  inches  in 
thickness,  well  pounded  or  rolled,  water  being  applied  in  some  instances 
after  each  layer  has  been  deposited  to  aid  consolidation. 

The  depth  of  excavation  or  height  of  embankment,  or  the  general 
levelling  of  the  ground,  is  determined  beforehand  by  fixing  gradient  or 
boning  pegs  at  the  formation  level  of  the  roadway.  Previous  to  commencing 
the  construction  of  the  foundation,  whether  of  concrete  or  any  other  material, 
gradient  and  contour  pegs  of  wood  or  iron,  generally  the  latter,  are  fixed  at 
regular  distances  of  from  5  to  8  feet  apart  between  the  kerbs  or  channels 
on  either  side  of  the  roadway.  These  pegs  are  fixed  so  that  the  top  of  each 
represents  the  finished  surface  of  the  carriageway,  while  a  distinctive  mark 
or  a  second  peg  at  the  side  of  the  others  indicates  the  depth  of  the  con- 
crete or  other  material  forming  the  foundation. 

In  ground  of  a  retentive  nature,  or  where  there  is  any  likelihood  of 
water  gaining  access  to  the  foundation,  subsoil  drains,  properly  trapped, 
should  be  formed  and  connected  to  the  main  drain.  These  subsoil  drains 
are  generally  placed  under  the  kerb  or  channels,  the  trench  being  filled  up 
to  formation  level  with  small  stones. 

878.  Foundatioiis. — ^This  is  one  of  the  most  important  \t/^xfiA  Sxv  ^«ii- 
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nection  with  paved  streets,  no  matter  what  the  description  of  material  mij 
be  which  is  to  form  the  wearing  surface.  A  good  foundation,  with  a  well- 
selected  paving  material,  gives  excellent  results  under  traffic,  while  an 
inferior  under-structure,  even  when  the  paving  itself  is  of  the  best  description, 
has  the  effect  of  producing  a  defective  roadway.  The  paving  material  itself 
is  generally  made  responsible  for  the  bad  results,  however  excellent  the 
former  may  be,  and  many  inferior  descriptions  of  coverings  have,  in  com- 
parison, been  lauded  because  they  have  been  laid  on  a  good  foundation.  No 
good  results  can  be  attained  unless  the  under-structure  is  made  of  the  best 
materials  and  forms  a  rigid  base.  The  paving  material  forms  the  wearing 
part,  or  veneer,  which  may  be  renewed  from  time  to  time. 

Experience  has  shown  that  the  best  foundation  for  any  class  of  paved 
roadway  is  (1)  Portland  cement  concrete,  although  many  other  kinds  of 
material  are  employed,  including  (2)  bSton,  (3)  bituminous  concrete,  (4) 
hand-set  rubble  bottoming,  and  (5)  macadam  or  gravel  and  furnace  cinders 
consolidated  by  steam-rolling. 

Portland  Cement  Concrete  Foundationg. — For  first-class  work  on 
thoroughfares  bearing  a  heavy  traffic,  the  best  foundation  is  Portland 
cement  concrete  composed  of  from  four  to  five  parts  by  measure  of  gravel 
or  stones,  generally  metalling,  and  one  or  more  parts  of  clean  sharp  sand 
mixed  with  one  part  of  cement.  When  this  proportion  is  adopted, 
concrete,  laid  to  a  thickness  of  from  6  to  9  inches,  is  considered  sufficient; 
but  should  a  weaker  composition  be  employed,  consisting  of  six  parts  of 
stone,  two  parts  of  fine  gravel  or  sand  mixed  with  one  part  of  cement,  then 
the  thickness  must  be  increased.  Where  the  carriageway  is  subjected  to  a 
less  heavy  traffic,  6  inches  of  concrete  mixed  in  the  latter  proportions  is 
generally  regarded  as  sufficient  for  the  purpose. 

The  foundation  of  a  paved  street  takes  the  weight  of  the  traffic  and 
gives  stability  to  the  pavement.  Portland  cement  concrete,  if  composed  of 
good  materials  and  carefully  spread,  will  practically  last  for  generations. 

379.  (1)  Preparing  Portland  Cement  Concrete. — The  material,  inde- 
pendent of  the  proportions  adopted,  is  prepared  by  being  mixed  on  bankers 
or  boarded  platforms  of  suitable  size,  sufficient  to  admit  of  the  concrete 
being  turned  over  the  requisite  number  of  times  in  one  direction,  and  at 
the  same  time  allowing  three  batches  to  be  prepared  at  the  same  time. 

The  materials  should  be  gauged  in  boxes  of  a  size  necessary  to  secure 
the  proper  proportion  of  the  ingredients,  which  are  then  heaped  up  together 
and  turned  over  twice  in  a  dry  state,  once  while  being  watered,  and  three 
times  when  wet  before  being  loaded  into  barrows  or  cast  upon  the  formation 
bed.  When  mixing  the  ingredients,  the  water  should  be  added  in  a  careful 
manner  through  a  finely  perforated  rose  nozzle,  under  very  moderate 
pressure  and  in  limited  quantities,  so  as  to  obtain  a  thoroughly  plastic  and 
incorporated  mass.     The  concrete  should  be  thoroughly  consolidated  in  $iiu 
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with  heavy  beaters,  formed  to  the  proper  contour  of  the  street  and  smoothed 
over  with  a  flat  shovel,  so  as  to  present  an  even  surface  for  the  setts  to  be 
bedded  on.  Any  irregularities  which  may  appear  on  the  surface  after  the 
concrete  has  been  placed  in  position  should  be  made  good  with  fine 
material  before  the  concrete  proper  has  set  or  become  hard. 

C!oncrete  should  be  deposited  in  position  immediately  after  being  mixed 
in  a  wet  state,  otherwise  it  may  become  partially  set,  and  will  therefore  be 
of  inferior  strength. 

The  surface  of  a  concrete  foundation  after  completion  is,  according  to 
the  nature  of  the  weather,  sprinkled  with  water  from  time  to  time,  to 
assist  the  ultimate  hardening  of  the  mass.  In  hot  weather,  or  during  the 
prevalence  of  frost,  the  surface  of  the  concrete  should  be  protected  by  being 
covered  with  old  cement  bags.  When  the  former  condition  of  weather 
prevails,  it  is  usual  to  saturate  the  bags  with  water  until  the  whole  mass  is 
thoroughly  set. 

Portland  cement  concrete  foundations  are  generally  allowed  to  remain 
from  eight  to  ten  days  so  as  to  properly  set  before  the  laying  of  the  paving 
is  commenced.  The  exigencies  of  the  traffic,  however,  occasionally  demand 
that  the  time  occupied  in  executing  the  work  should  be  shortened.  This 
necessarily  means  that  the  proportion  of  cement  to  the  other  ingredients 
should  be  increased,  and  consequently  adds  to  the  cost  of  the  work.  The 
laying  of  the  setts  may  be  commenced  the  day  following,  but  it  is  advisable, 
even  when  the  stronger  proportioned  concrete  is  adopted,  to  allow  it  six 
clear  days  to  harden  before  proceeding  to  lay  the  paving. 

The  Portland  cement  used  for  concrete  foundations  is  generally  specified 
to  bear  a  tensile  strain  of  not  less  than  350  lbs.  to  the  square  inch,  after 
having  been  gauged  neat  with  about  20  per  cent,  of  its  own  weight  of 
water  and  allowed  to  stand  one  day  in  air  and  seven  days  in  water.  It 
should  be  ground  so  finely  that  not  more  than  15  per  cent,  residue  is  left 
on  a  sieve  of  5800  meshes  per  square  inch.  The  storing  of  cement  is  of 
great  importance,  and  it  is  usual  for  the  engineer  or  surveyor  to  procure  a 
sample  of  each  consignment  for  the  purpose  of  testing  it  before  it  is  used. 

880.  (2)  B^ton. — This  description  of  foundation  is  also  used  for  pitched 
pavements.  It  has  been  adopted  in  Liverpool,  and  is  thus  described  by 
Mr.  H.  Percy  Boulnois,  formerly  the  City  Engineer  there  ♦ : — 

"  The  ground  having  been  prepared  in  the  usual  way,  and  the  channel 
and  kerb  stones  fixed  in  position,  a  stratum  of  stones  (which  should  by 
preference  be  of  a  non-absorbent  character),  broken  so  as  to  pass  all  ways 
through  a  3-inch  ring,  is  spread  evenly  over  the  surface  of  the  ground,  and 
upon  this  is  placed  a  layer  of  cement  mortar  mixed  in  the  proportions  of 
one  of  Portland  cement  to  six  of  fine,  sharp,  clean  gravel,  in  the  method 
to  be  described  hereafter.  Upon  this  layer  of  mortar  is  placed  another 
*  Carriageways  and  Footways,  by  H.  Percy  BoolnoiB,  C.E. 
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layer  of  broken  stone — the  whole  of  the  stones  in  each  layer  to  be  thoroagfaly 
watered  while  the  work  is  proceeding — and  this  stone  is  forced  into  the 
interstices  of  the  first  layer  by  the  use  of  flat  beaters  of  wrought  iroo 
weighing  16  lbs.  each,  shaped  like  square  shovels  with  handles  at  an  aogle 
of  33*. 

"  This  process  is  repeated  until  the  proper  level  and  contour  is  reached, 
and  the  surface  is  finished  off  parallel  to  the  exact  curvature  of  the  carriage- 
way. The  foundation  thus  prepared  is  left  until  the  concrete  is  sufficiently 
set  or  hardened  to  receive  the  pavement,  which,  if  possible,  should  not  he 
less  than  ten  days,  although  this  period  may  be  shortened,  when  the 
exigencies  of  the  traffic  render  it  imperative,  by  strengthening  the  propoiiioD 
of  cement  to  the  gravel,  care  to  be  taken  in  all  cases  to  periodically  water 
the  surface  of  the  concrete  to  assist  the  ultimate  hardening  and  in  veiy 
hot  weather  it  is  advisable  to  cover  the  surface  of  the  concrete  with  M 
cement  bags  thoroughly  saturated  with  water. 

'*  The  proportions  of  broken  stone,  gravel,  and  cement  used  in  such  a 
concrete  arc  as  follows : — 

"Before  mixing— Broken  stone,  eight  parts;  gravel,  six  parts;  cement, 
one  ^Nirt. 

''After  mixing — Broken  stones  and  gravel,  mixed  together,  eleven 
{Mirts ;  conicnt,  one  part ;  three  parts  of  gravel  having  been  expended  in 
filling  the  interstices  of  the  stones." 

881.  (3)  Bituminous  Ooncrete.  —  Another  description  of  foundation 
cxtenHivoly  used  as  a  substitute  for  cement  concrete  is  that  known  as 
bitiiniinouH  concrete.  It  is  carried  out,  after  the  usual  levelling  of  the 
ground  has  l)oen  completed  and  steam-rolled,  by  spreading  a  coat  of 
nH^tulling  6  to  9  inches  thick,  and  consolidating  it  in  a  dry  state  by 
ramming  or  )^y  rolling.  The  metalling  should  be  composed  of  clean 
broken  Htono  of  a  size  to  pass  a  2^-inch  or  3-inch  gauge,  and  be  in  a 
thoroughly  dry  Htate.  A  boiling  mixture  of  pitch,  tar,  and  creosote  oO  is 
then  poured  or  floated  over  the  entire  surface  until  all  the  interstices  are 
filled,  and  over  that  a  thin  layer  of  small  stones  or  chippings  is  spread  and 
then  thoroughly  rolle^l  when  the  mixture  is  in  a  semi-liquid  state,  so 
as  to  cHectively  incorporate  and  consolidate  the  whole  mass  and  form  a 
smooth,  uniform  surface.  The  bituminous  mixture  for  this  class  of  founda- 
tion is  generally  applied  in  the  pro]>ortions  of  three  of  pitch  to  one  of  tar,  or 
three  and  one-half  of  pitch  to  one-half  of  creosote  oil.  As,  however,  the 
composition  of  the  ingredients  varies  to  a  considerable  extent,  the  pro- 
portions must  necessarily  be  modified  accordingly.  A  cement  concrete 
foundation  is  undoubtedly  superior  to  that  made  with  a  bituminous  mixture, 
but  the  latter,  although  more  expensive,  possesses  the  great  advantage  that 
it  admits  of  the  surface  being  used  for  laying  the  paving  immediately  after 
it  is  finished.     This  class  of  foundation  is  therefore  adopted  occasionally 
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in  busy  thoroughfares,  where  the  stoppage  of  traffic  for  a  considerable  length 
of  time  would  cause  great  annoyance  and  obstruction  to  business. 

882.  (4)  Hand-set  Bubble  FoundationB. — This  method  of  forming  a 
foundation  for  paved  carriageways  is  similar  to  that  employed  in  connection 
with  macadamized  roadways,  and  generally  known  as  Telford's  system. 
The  hand-set  foundation,  or  bottoming,  consists  of  a  layer  of  single  rubble 
stones  of  a  uniform  depth,  varying  from  8  to  10  inches,  set  by  hand  to  form 
a  close,  firm  pavement.  The  stones  should  be  laid  with  their  broadest  sides 
downwards  in  parallel  lines  across  the  street,  breaking  joint  as  much  aa 
practicable.  The  width  of  the  upper  part  of  the  stones  ought  not  to  be  more 
than  6  inches  nor  less  than  4  inches,  while  they  should  not  exceed  12  inches 
in  length.  After  having  been  set  closely  together,  the  stones  should  be 
firmly  wedged  up  by  inserting  an  iron  bar  in  all  possible  places,  and  fixing 
between  the  stones  thus  parted  other  pieces  as  nearly  as  possible  of  the  same 
depth  as  the  pavement  or  foundation,  until  the  whole  is  firmly  bound  in 
position.  Any  projections  formed  by  the  pinning  pieces  above  the  regular 
pavement  should  be  broken  off,  care  being  exercised,  however,  not  to  disturb 
or  loosen  the  hand-set  pitching.  It  is  advisable  not  to  carry  on  the  wedging 
operations  within  a  distance  of  20  feet  from  the  face  of  the  work  being  laid. 
The  small  interstices  should  be  filled  with  granite  or  whinstone  chippings, 
or  with  pea  gravel  ^  inch  to  1  inch  gauge,  watered  and  steam-rolled  until 
a  perfectly  even  contour  and  smooth  surface  is  obtained.  Any  surplus 
binding  material  should  be  swept  off,  so  as  to  leave  a  clean  hard  surface  on 
which  the  paving  is  to  be  laid. 

888.  (5)  Macadam,  Oravel,  and  Oinder  Foundationg.  —  Many  old 
macadamized  roads  which  have  a  sufficient  thickness  of  metalling  are  at 
times  utilized,  where  the  level  of  the  surface  permits,  as  a  foundation  for 
laying  a  pitched  pavement  upon.  Traffic-consolidated  roads  are  not  to  be 
depended  on,  and  are  invariably  lifted  and  the  material  screened  either  to 
be  made  into  concrete  or  to  be  re-applied  and  consolidated  by  rolling,  the 
large  percentage  of  small  or  useless  material  and  detritus  being  thus  got 
rid  of. 

The  method  generally  adopted,  however,  is  to  spread  a  coat  of  3-inch 
gauge  metalling  so  as  to  give  a  thickness  of  6  inches  when  consolidated, 
the  manner  of  accomplishing  which  is  fully  described  in  Part  I.  of  this 
treatise  (Chapters  VII.  and  YIII.).  This  makes  a  very  efficient  and  cheap 
substitute  for  concrete,  and  as  long  as  the  subsoil  is  kept  free  from  water 
and  the  surface  drainage  properly  attended  to,  good  results  may  be  looked 
for  in  adopting  this  class  of  foundation.  Coarse  gravel  of  a  sufficient 
thickness,  to  which  is  added,  at  times,  a  small  quantity  of  chalk,  makes  a 
very  good  bottoming,  and  is  principally  used  where  such  material  can  be 
obtained  locally.  It  seldom  occurs  that  a  town  is  situated  where  the  subsoil 
IB  composed  of  this  material.      Norwich,  however,  is  an  exce^tivoxk^  XSti^ 
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strata  being  made  up  of  gravel  aiid  chalk,  which  forms  a  rough  nataTal 
concrete  on  which,  with  the  usual  bed  of  sand,  the  paving  is  laid,  dispensiog 
with  the  foundation  of  artificial  concrete.  The  natural  surface  or  bed  of 
many  streets  in  some  parts  of  Norwich  is,  to  prevent  local  subsidence, 
treated  by  making  or  converting  the  foundation  into  concrete  by  flushing  the 
gravel  with  Portland  cement  grout. 

Furnace  cinders,  or  clinkers,  are  extensively  used  in  some  of  the 
manufacturing  towns  in  England  as  a  foundation  for  pitched  pavements,  and 
this  class  of  material,  which  at  one  time  was  much  used  in  Scotland,  is  now 
rarely  employed  as  a  foundation  for  street  paving.  The  results  obtained  are 
said  to  be  fairly  good,  and,  of  course,  the  first  cost  is  reduced  to  a  minimum. 

381  Paving  Setts  and  laying  a  Pitched  Pavement. — Many  considera- 
tions enter  into  the  selection  of  rock  for  the  purpose  of  making  reliable 
paving  setts.  It  should  be  durable  under  ordinary  conditions  of  wear, 
possess  hardness  and  cohesion  as  well  as  chemical  stability  in  its  constituent 
minerak.  The  balance  between  the  resistant  minerals,  quarts  and  felspar, 
and  soft  minerals,  hornblende,  mica,  chlorite,  and  other  decomposition- 
products,  may  be  stated  as  about  80  per  cent  of  the  former  and  20  per 
cent  of  the  latter.  The  cohesion  involves  the  binding  of  the  mineral 
grains  or  crystals,  or,  in  other  words,  the  structure  of  the  rock ;  the  toughness 
of  the  minerals  also  enters  into  the  question.  Setts  should  retain  a  rough 
surface  in  wet  or  dry  weather.  The  surface  roughness  is  generally  obtained 
in  rocks  having  a  certain  coarseness  of  grain.  A  too  fine-grained  sett 
invariably  becomes  polished  under  wear,  while  Very  coarse-grained  stones 
may  defeat  the  end  in  view  owing  to  the  generally  prevailing  yielding 
character  of  the  minerals  in  such  kinds  of  roclc,  especially  when  its 
proportion  to  hard  minerals  is  excessive. 

Uniformity  of  wear  is  also  an  essential  property  in  paving  setts.  Should 
a  rock  contain  a  large  amount  of  easily  weathered  or  softened  mineral,  it 
will  under  traflic  be  subjected  to  the  increased  influence  of  denudation  and 
concussions  through  heavy  loads,  which  will  cause  unequal  wear. 

i'revious  to  describing  the  method  of  laying  and  jointing  a  pitched 
pavement,  it  may  be  advisable  to  give  the  following  particulars  in  regard 
to  the  different  sizes  of  stone  used  in  making  this  class  of  street  covering, 
embracing  setts,  cubes,  and  blocks,  and  the  area  which  one  ton  weight  of 
each  class  will  cover  in  square  yards  (see  Table  XLI.,  page  355).  It  must 
be  remembered,  however,  that  the  specific  gravity  of  the  stone  employed 
may  vary  considerably,  consequently  the  area  covered,  as  stated,  is  a 
broad  average. 

Cubes  and  blocks  are  extensively  used  for  crossings,  and  on  streets 
where  there  is  a  considerable  gradient  the  greater  number  of  joints, 
compared  with  ordinary  paving,  gives,  under  most  circumstances^  a  better 
foothold  for  horses,  the  hoof  having  but  a  little  way  to  slip  before  being 
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arrested  by  a  joint.  On  the  prepared  foundation  a  layer  or  cushion  bed  of 
fine  gravel  or  clean  sharp  sand,  one-half  to  one  inch  thick,  is  spread,  and 
on  this  the  paving-stones  are  laid.  This  provides,  in  a  measure,  an  elastic 
bed,  and  distributes  the  pressure  equally  over  the  foundation  supporting 
the  pavement. 


Table  XLI. 

Showing  size  of  diffei'ent  stones  adopted  for  pitched  pavements  with  tlie 

superficial  area  which  one  ton  wiU  cover.* 


Area  in  square 

Stone. 

Depth.    Width. 

Length. 

yards  which  one  ton 
will  pave. 

SettB,      . 

5   in.  X  8   in.  X 

6  in.  to  7  in. 

4*5 

>»         " 

61  II    X  8J  „    X 

II 

4*8 

»»         < 

6i  ..    X  8J  „ 

X 

II 

8*6 

»•         " 

7i  1.    X  8i  „ 

X 

II 

81 

Cubes,    . 

H  11    X  8i  „ 

X 

81  in. 

67 

II 

H  .1    X  8^  „ 

}     X 

H  1. 

6-2 

»t         « 

81  ,1    X  8i  „ 

X 

81  .. 

6 -8 

It         < 

4     1,    X  4     „ 

X 

*    .1 

6*4 

Blocks,   . 

4     M    X  4     , 

1      X 

6    ., 

8*6 

II         < 

4     M    X  8     „ 

)      X 

8     .. 

6*4 

If         < 

6    „    X  8     „ 

1      X 

8    „ 

4-4 

It 

6     „    X  8     „ 

t     X 

8    .. 

8-7 

If 

6i  11    X  8J  „ 

•      X 

H., 

8-26 

The  stones  should  be  carefully  gauged  and  coursed,  laid  in  perfectly 
straight  lines  at  right  angles  to  the  centre  line  of  the  roadway,  and  set 
hard  with  proper  bond,  every  stone  breaking  joint  with  contiguous  ones. 
The  surface  of  the  setts  is  generally  laid  \  inch  to  ^  inch  above  the 
finished  level,  and  any  four  courses  taken  together  should  not  measure  more 
than  14  inches  for  3-inch  setts,  and  16  inches  for  3|-inch  setts,  from  centre 
to  centre  of  the  joints.  The  stones  to  be  used  should  be  sound  quarried 
granite,  syenite,  whinstone,  or  other  approved  material  of  uniform  colour, 
and  procured  from  quarries  producing  stone  of  equal  quality  and  durability. 
When,  as  sometimes  happens,  stones  from  two  or  more  quarries  are  intro- 
duced to  expedite  the  execution  of  the  work,  they  should  be  kept  separate 
when  laid.  All  stones  should  be  brought  to  a  regular  rectangular  shape 
with  a  reel  head  and  dressed  to  the  dimensions  specified. 

Paving  setts  are  sometimes  laid  diagonally  to  the  line  of  street^  or,  as 
it  is  termed,  in  '  herring-bone '  fashion,  which  admits  of  the  stones  wearing 
in  a  moje  regular  manner,  though  the  foothold  is  not  so  good,  and  it  is 
more  expensive  to  lay. 

885.  The  jointing  of  a  pitched  pavement  demands  special  attention, 

*  Ths  Municipal  and  Sanitary  Enginu^i  Handbook ,  by  H.  Percy  BoxxVu^y^^  ^.^. 


356  ROAD   MAKING   AND   MAHTTRNANCB. 

as  on  its  proper  performance  the  stability  and  life  of  ihe  paving  will  to 
a  great  extent  depend.  The  most  efficient  method  of  laying  setts  on  a 
concrete  foundation  is  to  bed  the  stones  on  a  cushion  of  fine  cement 
concrete  when  in  a  plastic  condition,  and  fill  the  joints  with  Portland 
cement  grout.  This  makes  a  very  rigid  structure,  but  is  practically  yeij 
noisy,  and  there  being  no  elasticity,  the  vibration  caused  by  heavy  loads 
passing  over  the  paving  tends  to  crack  and  disintegrate  the  cement  joints^ 
with  the  result  that  the  percolation  of  water  takes  place.  It  is  now, 
however,  generally  admitted  that  filling  the  joints  with  an  asphaltic  com- 
position is  superior  to  any  other  method  in  effecting  this.  The  grouting 
of  the  joints  with  such  a  mixture  not  only  makes  them  impervious^  but 
greatly  diminishes  the  noise  inseparable  from  this  class  of  pavement  To 
ensure  good  results  bituminous  grout  must  be  applied  under  suitable 
conditions,  cold  and  wet  weather  being  detrimental  to  its  proper  execution. 
The  success  of  pitch  grouting  depends  to  a  great  extent  on  the  experience 
of  the  person  in  charge  of  the  apparatus  employed  for  mixing  and  boiling 
the  composition.  If  the  composition  is  too  hard,  it  will  pulverize  in  cold 
weather,  while  if  too  soft  it  will  run  and  become  sticky  in  hot  weather. 
The  object  to  be  attained  in  asphaltic  grouting  is  to  make  the  paving 
impervious  to  moisture  and  to  induce  a  bond  between  the  setts  with  a 
degree  of  elasticity  sufficient  to  prevent  it  from  cracking.  Pitch  grouty 
when  properly  manipulated  and  applied,  possesses  the  quality  of  becoming 
sufficiently  hard  in  a  few  hours  after  making  the  joints,  so  that  traffic  may 
be  permitted  over  the  pavement  shortly  after  completion. 

The  method  of  effecting  this  kind  of  joint  is  by  filling  the  space 
between  the  setts  with  clean  dry  shingle  or  chippings,  small  enough  to 
pass  through  a  |-inch  riddle,  but  not  so  small  as  to  pass  through  J-inch 
mesh,  and  entirely  free  from  dust  or  foreign  matter.  When  the  joints  are 
filled,  cither  by  the  material  being  brushed  or  scra|>ed  into  them,  the  setts 
should  be  carefully  beaten  down  to  a  solid  bearing  having  a  uniform  surface, 
and  the  joints  again  filled,  the  shingle  or  chippings  being  so  regulated  as 
not  to  reach  a  greater  height  than  one  inch  from  the  surface.  The  last 
application  of  shingle  or  chippings  must  be  perfectly  clean,  for  which 
purpose  the  screening  should  l)e  performed  in  water,  and  the  material 
then  dried  in  a  kiln  or  by  some  other  suitable  means  until  thoroughly  free 
from  moisture.  After  being  worked  into  the  joints,  and  previous  to  applying 
the  bituminous  grout,  care  should  be  taken  to  keep  the  chippings  or  shingle 
perfectly  dry,  for  which  purpose  the  paving  should  be  covered  with  tar- 
paulins when  necessary.  The  pavement  being  now  ready  for  grouting,  the 
joints  are  filled  flush  up  to  the  surface  with  the  asphaltic  mixture  applied 
in  a  boiling  state.  This  is  done  with  a  lipped  can,  care  being  taken  to 
avoid  leaving  any  of  the  composition  on  the  surface  of  the  setts.  Grouting 
the  joints  should  be  carried  out  at  least  six  feet  away  from  the  paviors  at 
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work.     The  whole  surface  of  the  pavement  is  subsequently  covered  with 
a  thin  coating  of  sharp  sand,  which  completes  the  operation. 

The  composition  of  bituminous  grout  for  paving  purposes  varies  in 
different  parts  of  the  country  according  to  th6  composition  of  the  ingredients 
and  the  climatic  conditions.  In  ordinary  circumstances  the  preparation 
may  be  made  in  the  following  proportions,  namely,  one  part  of  pitch  to  one 
part  of  tar,  or  three  of  pitch  to  one  of  creosote  oil.  Care  and  judgment 
must  be  exercised,  however,  so  that  the  mixture  will  be  of  such  a  consistency 
as  to  set  hard  in  a  few  hours  after  being  used,  and  yet  not  be  brittle. 
Should  any  delay  occur  in  the  application  of  the  mixture  when  suificiently 
boiled,  the  proper  proportions  and  consistency  must  be  maintained  by 
adding  extra  tar  from  time  to  time. 

886.  Cement  Grout. — The  operations  in  applying  cement  grout  are 
similar  to  those  described  in  the  preceding  paragraphs.  The  joints  are 
first  filled  with  chippings  or  shingle  worked  in  by  means  of  a  cramming- 
iron  ;  the  whole  surface  of  the  paving  is  then  covered  with  grout,  consisting 
of  Portland  cement,  or  lime  and  sand  in  the  proportion  of  one  part  of 
cement  or  lime  to  one  or  one  and  a  half  parts  of  sand,  and  brushed  into 
the  joints  with  a  stumpy  broom. 

The  joints  of  a  pitched  pavement  grouted  with  cement  or  lime  mortar 
require  a  considerable  time  to  set  and  adhere  properly  to  the  setts,  generally 
from  five  to  six  days.  The  slightest  disturbance  caused  by  vibration  or 
the  passage  of  vehicles  over  them  when  the  grout  is  in  a  green  state  will 
seriously  affect  its  efficiency  as  an  impervious  pavement.  Any  yielding  of 
the  foundation  or  subsoil,  or  the  effect  produced  by  heavy  individual  loads 
passing  over  the  pavement,  will  tend  to  disintegrate  the  material  forming 
the  joint  and  allow  surface  water  to  find  its  way  to  the  under  bed  of  the 
pitching,  which  will  adversely  affect  the  durability  of  the  pavement. 
Filling  the  joints  with  cement  or  lime-grout  can  be  carried  out  at  any 
time  except  during  the  prevalence  of  frost. 

887.  Forming  the  Joints  with  Sand.  —When  the  foundation  is  composed 
of  metalling,  gravel  or  furnace  cinders,  consolidated  by  steam-rolling,  the 
joint-filling  generally  consists  of  rough  sand  or  very  fine  gravel.  The  sand 
is  usually  washed  and  scraped  into  the  joints,  the  paving  being  carefully 
beaten  down  to  a  firm  unyielding  bed  and  uniform  surface,  and  the  joint« 
again  filled  flush.  The  sand  should  be  washed  into  the  joints  by  means  of 
a  small  rose  nozzle,  and  scraped  or  crammed  in  with  a  thin  iron  tool.  As 
this  kind  of  joint-filling  material  is  pervious,  it  should  only  be  adopted  in 
streets  where  the  traffic  is  light,  as  water  percolating  to  the  under-bed  will, 
sooner  or  later,  injuriously  affect  the  foundation. 

888.  Advantages  of  Granite  Setts. — Unquestionably  a  roadway  paved 
with  granite  of  good  quality,  properly  laid  upon  a  hard  concrete  foundation, 
forms  the  cheapest  pavement  of  any  in  ultimate  cost,  and  in.  o^  \fts&  \<^^s^^ 
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with  setts  produced  from  basalt  or  whiiutone,  especiallj  when  the 
traffic  ia  heavy  In  many  respects  this  form  of  street  coTering  auswen 
nearly  all  the  reqairemeota  of  traffii^  and 
its  great  advantage,  in  additioD  to  diu- 
ability  as  a  pavii^  materiid,  is  that  of 
affording  good  foothold  for  horses  on 
steep  gradients.  It  is  alao  comporativelj 
hygienic,  yields  but  little  dust  or  mud, 
and  is  fairly  easily  cleansed. 

The  life  of  a  granite  sett  pavement 
varies  vith  the  amount  and  character  of 
the  trafGc,  but  from  fifteen  to  twenlj- 
five  years  may  be  taken  as  the  time 
that  will  elapse  before  it  is  necessary  to 
renew  the  pavement.  During  this 
period,  however,  the  setta  will  require 
to  be  lifted  and  the  wearing  suifsce 
re-dressed,  and  ^ain  laid. 

889.  OttJectiotiB.— Theol^'eetionsto 
this  pavement  are  not  numerous,  bnt 
they  are  far-reaching  and  important 
The  surface  of  a  pitched  pavement  after 
being  in  use  for  some  time  becomes, 
under  certain  atmospheric  conditions, 
very  greasy  and  slippery.  It  is  a  paving 
which  is  detrimental  to  horses,  and  at 
the  same  time  one  which  deteriorates 
and  reduces  the  life  of  all  rolling  stock 
ija-j-  ^    *-'''     "     §;?  that  passes  over  it.     The  incessant  noise 

o  A  "i   )  ''i      J    ^  from  the  wheel  traffic  and  the  iron  shoes 

of  horses  striking  upon  it  is  such  that 
thoroughfares  so  paved  cause  great 
annoyance,  amounting  in  many  iu- 
stimces  to  an  intolerable  nuisance  to 
Ijuainesa  people  or  tradesmen  whose 
premises  adjoin  or  abut  on  streets  so 
[Ml veil.  This  clearly  points  to  tlie 
necessity,  so  far  as  noise  is  concerned, 
of  employing  some  other  kind  of  paving 
for  carriageways  in  residential  parts  of 
towns,  or  where  business  premises  and 
shoi^s  esist.  For  streets  passing  throiigh  manufacturing  districts,  the 
undoubted  advantages  of  n  pitched  pavement  greatly  outweigh  the  defects 
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mentioned.      Fig.    134    shows    a    cross-section  of    a    first-class    pitched 
pavement. 

890.  Quality  of  Setts  and  Source  of  Supply. — Local  circumstances 
often  determine  the  kind  of  stone  to  be  made  use  of  as  a  paving  material ; 
consequently  the  cost  of  forming  a  pitched  pavement  will  vary  according 
to  these  circumstances  and  the  distance  from  the  source  of  supply.  Great 
care  and  judgment  are  necessary  in  selecting  stones  as  paving  setts  for 
any  particular  locality,  and  regard  must  be  had  to  the  class  of  traffic 
to  be  accommodated  and  the  climatic  conditions  prevailing,  especially 
when  the  material  is  obtained  from  any  new  source  of  supply.  The 
igneous  and  metamorphic  rocks  of  a  hard  description,  and  containing 
a  certain  percentage  of  augite  or  hornblende  and  orthoclase  felspar, 
are  those  principally  employed,  although  many  other  kinds  of  stone 
are  used. 

These  generally  comprise  granite,  syenite,  basalt,  whinstone^  though 
paving  setts  are  sometimes  made  from  millstone  grit  and  other  sedimentary 
rocks  which  are  used  in  districts  where  the  traffic  is  light.  Many  of  the 
hardest  and  most  durable  stones  have  been  discontinued  in  London  and 
Liverpool  owing  to  the  surface  of  these  wearing  smooth  and  becoming 
slippery,  even  under  normal  conditions  of  traffic  and  weather.  This  is 
notably  the  case  with  the  old  blue  Penmaenmawr  stone,  which,  however, 
is  not  now  much  used  for  setts,  but  is  principally  manufactured  into 
kerbs  and  channels.  On  the  other  hand,  Aberdeen  granite  setts  are 
preferred  in  London  to  Mount  Sorrel  and  Guernsey  granite,  although 
the  latter  is  better  in  some  respects,  because  the  surface  remains 
rough  even  after  considerable  wear.  It  is  also  much  less  expensive  to 
cleanse  than  these  and  most  other  kinds  of  granite  used  for  paving. 
Whinstone  setts  are  greatly  used  in  provincial  towns  where  the  traffic 
is  not  excessive,  and  a  pavement  made  with  this  material,  although  it 
wears  much  faster  than  granite,  invariably  maintains  a  rough  surface, 
and,  consequently,  does  not  become  slip2>ery  like  the  granite  already 
mentioned.  These  pavements  are  being  gradually  superseded  in  London  by 
wood  jMiving. 

The  principal  sources  of  supply  for  granite  and  whinstone  paving  setts 
are  described  in  Table  XLII.,  page  360. 

891.  Besides  these  sources,  capable  as  they  are  of  furnishing  all  the 
material  required  in  this  country  for  the  making  and  repairing  of  carriage- 
ways, a  great  quantity  of  setts,  kerbs,  and  channels  is  annually  imported 
from  Belgium,  Norway,  France,  Rotterdam,  and  the  quarries  on  the  Rhine 
worked  by  the  London  Basalt  Stone  Company. 

892.  Cost  of  Pitched  Pavements  —  Earthworks.  —  The  excavation, 
filling,  and  levelling  depend  entirely  on  circumstances,  and  no  definite 
price  per  cubic  yard  can  l)e  stated  for  this  class  of  work. 
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Fonndatioiui. — As  already  mentioned,  the  cost  of  proTiding  a  pitched 
pavement  on  a  concrete  foundation  varies  according  to  the  locality  where 
the  work  is  carried  out  and  the  source  from  which  the  materials  are 
obtained.  The  cost  of  Portland  cement  concrete  does  not  differ  much 
when  suitable  material  can  be  obtained  within  a  reasonable  distance; 
Is.   6d.    to   2s.   per  square   yard,   6   inches   in   depth,    being    the  usual 

Table  XLII. 


Name  of  Quarry  and  Fetrological  Name  of  Stone. 


England  and  JFahs 
Mount  Sorrel 
Stoney  Stanton 
Enderby 
Bardon  Hill 
Charnwood 
Penroaenmawr 
Pwllheli 
Clee  Hill 
Shap 

Whinsill  Dyke 
Cleveland  Dyke 


(Homblendic  Granite), 

(Syenite), 

(Syenite  Porphyry), . 

(Felstone), 

(Homblendic  Granite), 

(Quartz  Diabase), 

(Diabase), 

(Olivine  Diabase),     . 

(Homblendic  Granite), 

(Quartz  Diabase), 

(Augite  Andesite),    . 


Scotland — 

Aberdeen  and  District  (Granite), 

Bonawe,  Jjoch  Etive 

Oarae  and  Furness,  Loch  Fyne 

Dalboattio 

Creetowii 

Kilsytli  (Dolcrite), 

Most  of  the  counties  in   Scotland  pnxluce  wliinstone  setts 

(Dolcrite),  those  from  which  the  greater  quantity  is  supplied 

being  Jjunark,  Fife,  Midlothian,  Ayr,  ana  Dumbarton. 


Ireland— 
Newry 
Castlewellan 
Arklow 

Channel  Islands— 

St  Samson,  Vale  Castle 

Herm 

Konez 

La  Moyo 


(Granite),  . 


t* 


Varying  from 
Gabbro-Gneiss 
augite  Diorite. 


Homblendic 
to    Eustatite- 


Locality. 


Leicestershire 


»i 

i> 


Camanronahire 


II 


Shropshire 

Westmorland 

Durham 

Yorkshire 


Aberdeenahin 
Aigyllshire 

II 
Kirkcudbrightshire 

II 
Stirlingshire 


Co.  Down 


i» 


Ca  Wicklow 


Guernsey 

f  I 
Jersey 

Alderney 


fij^ures  when  the  metalling  or  gmvel  can  be  procured  for  48.  per  tou. 
When  this  material  has  to  be  brought  a  considerable  distance  the  price 
may  rise  as  high  as  9s.  to  10s.  per  ton,  in  which  case  the  cost  for 
a  similar  thickness  of  concrete  will  amount  to  about  28.  6d.  or  Ss.  per 
square  yard. 

393.  Bituminous   concrete,   for  similar  reasons,   varies   in   price   from 
2s.  4d.  to  3s.  3d.  per  square  yard  laid  to  a  depth  of  six  inches.     The  cost 
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of  forming  a  foundation  of  pitched  nibble  or  of  metalling  will  be  found  in 
Chapter  VIII.,  Part  I. 

894.  Paving  Setts. — The  price  per  ton  of  paving  setts  delivered  in  any 
particular  town  depends  on  the  dimensions  to  which  they  are  dressed  and 
the  distance  from  the  source  of  supply.  The  price  per  ton  for  the 
different  sizes  used  in  the  construction  of  carriageways  in  London  and  four 
large  Scottish  cities  is  given  in  Table  below : — 


Tablb  XLIII. 


Soaroe  of  Supply. 


City  0/ London — 
Aberdeen  granite, 
Gaerniev  granite, 
Moant  Sorrel  granite,  . 
Boderby,      ,        •        . 


Okugo 

Crarae,  Fame88,or  Bonawe  (granite), 

Edinburgh — 

Kemnay,  Aberdeen  (granite), 

Dundee-^ 

Aberdeen  granite, 
Pitroddie,    Devonshaw,    and    St 
Margaret's          (Inverkeitbiog) 
(whinstone) 

Aberdeen — 

Kubislaw,  Cairney,  Cove,  Kemnay, 
Dancinf^Caims,  Dyce,  Oorrennie, 
and  Hill  of  Fare  (granite), 


Setts 

6  in.  X  8  in. 

toSiin. 


f.  d. 

86  0 

80  0 

81  0 
81  0 


228.  to  28s. 

28    0 
14    0 

16    0 
12    0 


8    6 


Blocks 
5  in.  X  6  in. 


f.  d, 

80  0 

86  0 

29  0 

27  0 


26    0 


8    0 


6    2 


Onbes 
4  in.  X  4  in.  X  4  in. 


f.  d. 

86  0 

80  0 

80  0 

27  0 


25    0 


16    6 


7    6 


The  price  per  square  yard  for  the  paving  material  will,  therefore,  be, 
at  present  prices,  for  setts  in  London  10s.,  and  in  Aberdeen  2s.  5d. 
per  square  yard,  and  for  cubes,  6s.  8d.  and  Is.  5d.  per  square  yard 
respectively. 

The  cost  per  square  yard  of  a  sett  pavement,  including  a  concrete 
foundation,  laying  and  jointing,  will  of  course  vary  according  to  the  price  of 
the  stones  per  ton  and  the  wages  paid  in  different  cities  and  towns.  The 
joint-filling  averages  about  Is.  2d.  to  Is.  4d.  for  grouting  with  Portland 
cement  mortar,  and  Is.  6d.  to  Is.  8d.  for  bituminous  grout. 

895.  The  amount  expended  in  the  annual  maintenance  of  paved  streets 
depends  on  the  volume  of  traffic  which  the  pavement  has  to  sustain,  and 
on  other  circumstances.     It  is  necessary,  for  arriving  ^\>  tVw&  \i\Mva:i3^\A  ort 
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even  the  comparative  cost,  to  give  statisticB  of  first  cost  and  ontlajs  for 
actual  repairs  executed  from  time  to  time,  together  with  the  cost  of 
lifting  and  relaying  the  pavement  once  or  twice  during  its  actual  or 
ciilculated  lifetime,  owing  to  the  surface  hecoming  irregular  or  depressions 
being  formed. 

The  amount  expended  annually  per  square  yard  in  cleansing  the 
surface,  a  very  variable  item  with  the  different  kinds  of  granite  employed, 
should  also  be  included,  while  the  sanding  of  the  surface,  especially  on 
gradients,  to  afford  better  foothold  under  unfavourable  conditions  of 
weather,  should,  in  addition,  be  embraced  under  this  item. 

Tlie  cost  of  cleansing  the  surface  of  a  street  paved  with  Guernsey 
granite  amounts  to  2^d.  per  square  yard  annually  more  than  that  in  the 
case  of  a  thoroughfare  paved  with  Aberdeen  granite  setts.  On  some  of  the 
streets  situated  on  a  gradient  in  the  City  of  London,  the  cost  of  sanding  is 
stated  to  amount  to  about  £6  per  mile  annually. 

Alxsrdeen  granite  paving,  although  it  wears  under  heavy  traffic  to  a 
greater  extent  than  Guernsey,  is,  nevertheless^  eminently  suitable  for 
carriageways  where  a  good  and  safe  foothold  is  of  primary  importance,  and 
particularly  on  steep  gradients. 

Paving  setts  which  have  been  exposed  to  heavy  and  continuous  wheel 
traffic  for  a  number  of  years,  when  taken  up  for  relaying  are  found  in  most 
instances  to  require  a  certain  amount  of  re-dressing.  This  is  caused  by  the 
wear  on  the  top  of  the  setts,  the  amount  of  which  varies  according  to  tlie 
nature  of  the  stone,  the  manner  in  which  the  pavement  was  laid,  their 
position  in  any  particular  thoroughfare,  and  the  character  of  the  trafHc. 
Sotts  which  have  been  laid  with  wide  joints  are  found  to  be  con- 
siderably worn  or  rounded  on  the  arrises,  to  the  extent  of  IJ  inches  in 
some  cases,  which  entails  a  large  waste  of  material  in  re-dressing  to  a 
rectangular  form. 

This  rounding  of  the  arrises  of  sett-paved  streets,  especially  on 
gradients,  reduces  the  life  of  these  pavements  materially,  and  present., 
when  worn,  a  very  irregular  corrugated  surface,  in  addition  to  inducing 
insanitary  conditions  and  adding  to  the  cost  of  cleansing.  In  a 
measure  this  defect  is  due  to  the  comparatively  wide  joints  necessary 
in  such  paving,  owing  to  the  difficulty  of  procuring  regular  dresseil 
setts  free  from  projections.  A  method  by  which  this  defect  can  l>e 
eliminated  has  re(;ently  been  introduced  under  the  name  of  the 
"  Standard "  system ;  *  it  consists  of  thin  metal  strips  about  3  feet  long, 
placed  between  the  longitudinal  joints  of  the  paving.  These  metal 
strips  are  placed  in  position  previous  to  the  bitumen  or  other  jointing 
material  1)eing  used. 

Streets  paved  with  the  addition  of  this  arris-preserving  arrangement  have, 

*  Messrs.  J.  Hirst  k  Son,  Cleckheaton,  Yorks. 
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it  is  said,  given  sattafactory  results.  The  abrnsiou  of  the  edges,  fotniorly 
inseparable  from  this  kind  of  paving  material,  owing  to  irregulariliee  and 
projections  in  the  jointing  surfaces,  appears  to  be  eliminated,  or,  at  any  rate, 
greatly  reduced,  and  the  surface,  as  a  whole,  wears  more  uniformly.  Con- 
sei^uenlly,  the  life  of  the  paving  is  considerably  increased,  cleansing  is  greatly 
facilitated,  and  the  hygienic  conditions  improved.  Fig.  135  shows  the 
appearance  of  a  street  paved  with  setts,  the  arrises  being  considerably  worn, 
and  fig.  136  is  a  sketch  of  the  "  Standard  "  system  with  the  arrises  effectually 
protected. 

The  cost  of  inserting  these  metal  strips  is,  on  an  average,  about  1&  3d. 
per  square  yard  above  that  of  the  ordinary  method  of  laying  a  sett 
pavement. 

The  system  may  be  adapted  to  any  other  kind  of  paving  material  where 
these  metal  strips  would  not  create  too  wide  a  joint.  The  laying  of  any 
description   of  paving  material  relies  on  close  jointing  to  give  the  best 


fia.  13C. 


Fid.  13fl. 


wearing  results ;  anything  exceeding  \  of  an  inch  produces  a  coiduroy-like 
surface. 

897.  The  following  Table  (XLIV.)  gives  the  first  cost,  deeoription  of 
foundation  and  class  of  setts  used,  annual  repairs,  cleansing,  and  the  life- 
time of  carriageways  paved  with  setts,  so  far  as  can  be  obtained,  in  the 
chief  cities  and  towns  of  the  kingdom.  The  order  is  that  of  the  population 
of  the  towns  mentioned. 

898.  From  this  table  it  would  appear  that  the  average  lifetime  of 
a  granite  sett  pavement  in  the  City  of  London  is  eighteen  and  a  half 
years,  the  longest  being  twenty-five  years,  while  the  shortest  is  in  the 
Whitechapel  district,  where  the  life  of  this  description  of  paving  is  stated 
to  be  only  nine  years.  In  the  former  two  cases  the  pavement  is  taken 
up  and  relaid  once  during  the  period  mentioned. 

The  cost  of  laying  a  sett  pavement,  including  foundations,  repayment 
of  principal  and  interest,  for  1  mile  of  carriageway  30  feet  wide,  taking 
the  life  of  the  paving  at  twenty-four  years,  and  liftinf^  nnA  T«-&'Kwn'n%  ^« 
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Name  or  Towh. 


L  London— Hammersmith, 
„        Holhorn, 


It 


fi 
•I 


»t 


i> 


i> 


Lambeth, 

Mile    End     (Old 

Town), 
Bhoreditch.    . 
Stoke  Newlngton, 

Strand,  . 


StMartIn'8-in.the- 
Field,  Charing 
Cross,  .      .      . 

St  Mary,  Isling- 
ton,    •      • 

St  Pancras,    . 


»f 


Whitechapel,* 
2.  Glasgow,  . 

5.  Liverpool, 
4.  Manchester, 

6.  Birmingham, 

6.  Sheffield,  . 

7.  Belfast,     . 

8.  Bristol,     . 

9.  Edinburgh, 

10.  West  Ham, 

11.  Dublin,     . 

12.  Bradford, 

13.  Newcastle-on-Tyne, 

14.  Leicester, 

16.  Bolton, 

16.  Dundee,    . 

17.  Aberdeen, 


18.  Birkenhead, 

19.  Wolverhampton, 


20.  Coventry,  . 

21.  Bury, 

22.  Hanley,     . 


First  cost  of  sett  paving  per 
square  yard. 


16s.  including  foundation. 

14s.  6d. 

ISs.  7id.  on  existing  foundationa. 

18s.  6d.  „  „ 

16s.  6d.  including  foundation. 

14s.  9d.  on  existing  fonndatioD. 


16s. 


t» 


12s.  6d.  to  ISs.  6d.  on  existing  founda- 
tion. 
14s.  6d. 


14s.  7d. 

Granite— 18s.  6d.  to  148.  Od.  Including 

foundation. 
Whinstone— 10s.  8d.  to  lis.  4d.  including 

foundation, 
lis.  to  18s. 

10s.  6d.  including  foundation. 


I2s. 
ISs.  6d. 


11 


ti 

fi 


16s.  to  20s.  including  foundation  and 
re-setting  kerbs,  etc. 

14s.  including  foundation. 


10s.  6d.  on  existing  fonndations. 
15s.  6d.  Including  foundation. 


i» 


Us. 
1^.  6d. 

lis. 
8s.  6d. 


10s.  6d. 

10s.  6d.  to  138.  6d.  including  foundation. 

lU  9d.  to  128.  6d. 


lis.  3d.  including  foundation  and  exca- 
vation. 

12s.  Od.  including  foundation. 

12s.  ,,  ,, 

108. 


Doacription  of  f oondatioa  snd 
of  selto  in  Indies. 


P.  c  concrete  6  in.  deep,  5x7. 

«        „        8x7,  A. 
12        ..        4X7,1. 


ff 


tt 


fi 


tf 

6 

*• 

8Jx7.     ^ 

f» 

6 

f* 

3x7.  A.,  a 

tt 

6 

»t 

4x7. 

tt 


It 


>f 


1x9,  A, 


8x7,A.,IhO. 


,,  and  bine Uas lime •  (si 

in.,  8x6,  A. 
P.  a  concrete  6  to  0  in.,  8x6,  Q. 

P.  c  concrete  6  In.,  8x7, 8x9,  A.,  a 
P.  c  ooncrete  4  to  «  in.  deep  Skx% 
to7,K,F. 

••  ••  .. 

P.  c  concrete  6  in.  deep,  4  In.  cBbsi^ 

and8ix6|x6x7. 
Furnace  cinden  and  pinned  fovBda* 

tion,8to8ix6. 
P.  0.  concrete  6  in.  deep,  8x6^ 
P.  c  concrete  6  to  9  in.,  SxSx&sni 

4  In.  cubes,  A.,  D..  IL,  P.,  L,  W. 
P.  c.  concrete  9  in.  deep,  4x6L 


P.  c.  concrete  6  in.  deep,  8  x  6,  K.,  W. 


•« 


6 
6 


ff 


8x4x7.  A. 
3x6  and  4x7, 


** 
A.,G. 

P.  c  concrete  6  in.  deep,  SJx6,  W. 

6       „        3x6,M.,  D., 
T.,W. 
P.  c.  concrete  6  in.  deep,  8x6. 

6       ..        8x5. 


•f 


If 


tf 


t> 


8x6. 


ff  6        ,.         4x8^x6.  A., 

Pitroddie.  I. 
P.  c.  concrete  6  in.  deep,  4  in.  cubes 
and  3^x6,  A. 


f> 


0  „        various,  P. 

.f     ^    6  „        4  in.  cubes, 

and   3x7  on  gradients  exceeding 
linSO. 
P.  c.  concrete  6  in.  deep. 

•t           6  It         3x5,  P. 

.,           6  „         8x6x6,    sH 
sorts. 


Refbrxnci 

A.  Aberdeen.    B.  Bonawe.    D.  Dalbeattie.    Ds.  Devonshaw.    E.  Enderby.    F.  Fumess.    Q.  Gnenisey. 
*  This  table  has  been  compiled  from  various  sources.    The  prices  in  London  and  some  other  citiea  and  town 
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XLIV.* 


Description  of 
grottUng. 

Annual  cost  of  maintenance  per 

square  yard  :  (a),  repairs ;  (bX 

deaiising  and  watering. 

Estimated  Ufe 

of  sett  DaTing 

under  neaTj 

traflio. 

KXMABKS. 

ime. 

a. 
••                 •• 

b. 

•  •                •  • 

26  years. 

•  •                          •  •                         •• 

.  eement 

. .                 •  • 

•  •                •  • 

. .               •• 

•  •                             •  •                             •• 

It 

.  •                 •  • 

•  •                •  • 

10  years. 

Very  heavy  traflic 

Practically  nothing 

•  •                 ea 

26     » 

•  •              . .              •  • 

lasUme. 

for  first  80  years. 

.  osmoiit. 

•  •                                    •  • 

16  to  20  years. 

*•              • •              •• 

tf 

Id.    average  for    8 

2jd. 

. .              .  •              •  • 

years. 

t» 

•  •                                 •  • 

•  •                 •  • 

••               •• 

Setts  were  worn  6  to  6 
inches  when  lifted  after 
10  years'  senrice. 

ti 

•  •                                  *  ■ 

•  •                 •  • 

16  to  80  yearn 

Being  replaced  by  wood. 

.  oemeni  and  blue  lias, 

•  •                                  •  • 

•  •                 •  • 

.  •               . . 

*  •              .  •              •• 

bttiiminoua. 

.  otmeni  and  pitch. 

•  •                                  •  • 

•  •                 •  • 

80  to  80  yean. 

Renewal    or    re-dressing 
necessary     to     remoTC 
sUpperiness. 

„       (ItoSX 

•  •                                  *  * 

4id. 

0  years. 

. .              .  •              .  • 

,,       and         bitu- 

•  •                                  •  • 

•  •                 ■  • 

26     » 

Other  26    years  after  re* 

minoua. 

dreadug  and  relaying. 

Itnminoua. 

•  •                                 •  • 

•  •                 •  • 

80     „ 

••             ••             •• 

„        stone  and  chip- 
ping t. 
.  cnnent. 

kd. 

•  •                 •  • 

16  to  80  years. 

.  •             ••             •• 

Id. 

4d. 

26 

••             *•             • . 

Itch  and  tar. 

•  •                                 •  • 

•  •                 •  • 

20  to  26    ,. 

*  •             .  *             •• 

:  cement  and  grareL 

A^i7    for     first     10 
years;   Id.    after- 
wards. 
About  5d.  combined. 

•  •                 •  • 

20 

Other  20  years  after  re- 
dreadng  and  relaying. 

„        and   bitumen 

•  •                 •  • 

18 

Stones  require  to  be  re- 

conibined. 

dressed  after  this  period 
of  senrice. 

3d. 

•  •                 •  • 

a) 

•  •                           •  •                           •  • 

.  cement. 

•  •                  • . 

•  •                 •  • 

•  •                 . . 

•  •                           •  •                           •  • 

ttiuninous. 

Id. 

lOd.  tols. 

80  years. 

Paved  with  good  granite. 

>■ 

•  •                                    •  • 

•  •                •  • 

20      „ 

•  *              . .              * . 

If 

•  •                                    •  • 

•  •                •  • 

24      ,. 

Granite  and  whinstone. 

»t 

&id.  during  Ufe.  in- 
cluding first  cost. 

lid. 

26      „ 

••              ••              . . 

iroken  stone  with  bal- 

2d. 

•  •                •  • 

80      „ 

••              ••              •• 

laat  or  grarel. 

.  cement  and  bitumen. 

8d. 

•  •                •  • 

18  to  80  years. 

Whinstone  and  granite. 

f*              fi       u>d 

•  •                                    •• 

•  •                •  • 

Depends  on  nature 

Btreeta  have  lasted  over 

chips. 

of  traffic. 

40  years  where  undis- 
turbed. 

Itnminous. 

•  •                                    •  • 

•  •                •  • 

.  •                . . 

. .              . .              . . 

Itch  and  brolcen  stone. 

•  •                                    •  ■ 

•  •                •  • 

•  •                •• 

Only  been  recently  laid. 

Iteh. 

•  ft                                    •  • 

Sid. 

. .                * . 

Ditta 

.  cement  and  pitch, 
itnmen  finished  with 

•  •                                    •  • 

■  •                •  • 

40  to  50  years. 

••              . •              » • 

•  •                                    •  • 

•  •                •  • 

80  years. 

••              ••              . . 

cement 

Tablx. 

L  Inverkeithing.    M.  Mount  SorreL    N.  Newry.    P.  Penmaemnawr.    T.  Threlkeld.    W.  Welsh, 
lafsr  principally  to  figures  for  work  done  some  years  ago,  this  class  of  paving  being  only  now  liW  Vi  %\\mWA  »>-»H«aat>- 
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blocks    and    relaying    after    eighteen    years'  wear,    may    be    stated   as 

follows : — 

Table  XLV. 

1  mile  of  carriageway  30  feet  wide,  17,600  square  yards, 

including  foundations,  jointing,  etc,  15s.  6d.,         .         .     £13,640 
Contingencies, 680 

£14,320 

Lifting,  re-dressing  blocks,  and  relaying  17,600 

square  yards,  Is.  2d , £1,027 

Contingencies, 130 

1,157 

£16,477 
Repayment  and  interest  on  above    sum  for  twenty -four 
years,  including  relaying  at  3f  per  cent,         .        .        .         6,861 

Total  sum,        ....     £22,388 

This  represents  an  average  annual  cost  during  twenty -four  years, 
including  lifting,  re-dressing  blocks,  and  relaying,  of  Is.  0'69d.  per  square 
yard,  and  adding  1  Jd.  per  square  yard  for  repairs,  but  exclusive  of  cleansiDg 
and  sanding,  amounts  to  Is.  2'19d.  per  square  yard. 

In  large  cities  and  provincial  towns  where  the  traffic  varies  from  heavy 
to  medium  and  light  vehicular  conveyances,  the  lifetime  of  a  granite  sett 
roadway  is  stated  at  from  eighteen  to  forty  years,  while  the  annual  cost,  as 
detailed  above,  will  average  about  Is.,  6d.,  and  6d.  respectively,  the  first 
cost  of  the  paving,  exclusive  of  foundations,  averaging  from  12s.  6d.  to 
7s.  6d.  per  square  yard. 

These  fij^'ures  clearly  show  that  the  life  of  pitched  pavements  con- 
structed alike  in  regard  to  foundation  and  description  of  materials  used  for 
making  the  setts  is  simply  a  question  of  traffic,  and  although  statistics  on 
this  point  are  not  available  for  all  the  towns  referred  to,  still  the  inference 
points  to  that  conclusion. 

399.  Small  Sett  Paving. — This  form  of  paving,  introduced  into 
England  from  Germany,  and  known  there  as  Kleinpflaster,  has  been 
experimented  with  in  Lancashire  in  order  to  test  its  adaptability  under  the 
traffic  conditions  of  this  country.  The  stones,  composed  of  basalt,  are 
approximately  of  equal  size,  varying  from  3J  to  4  inches,  and  from  4  to  4i 
inches  in  depth,  the  regularity  of  which  is  important,  and  which  is  secured 
by  means  of  a  special  machine,  designed  for  cutting  these  stones,  otherwise 
they  may  vary  from  square  to  triangular  shaped  heads,  or  practically 
random  setts,  and  makes  the  surface  a  close-fitting  mosaic.  The  best  class 
of  work  in  this  description  of  paving  is  laid  on  a  Portland  cement  concrete 
foundation  ;  the  small  setts  are  then  laid  and  the  jointing  filled  with  cement 
mortar,  composed  of  1  of  cement  to  3  of  sand,  or  with  a  bituminous 
mixture.      It  is  stated,  however,  that  such  a  foundation  is  by  no  means 
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necessary — in  fact,  it  was  with  the  idea  of  improving  or  armouring  existing 
macadamized  roadways  that  it  was  introduced  into  this  country.  For  this 
purpose  the  surface  of  the  road  is  first  scarified  and  the  loosened  macadam 
carted  off.  The  level  of  the  surface  is  thus  lowered  ahout  6  inches  from 
its  previous  height,  and,  when  a  certain  area  has  been  excavated,  a  gang  of 
men  go  very  carefully  over  the  road-bed  to  make  the  contour  as  perfect  as 
possible.  The  road-bed  must  be  consolidated  thoroughly,  and  is  then 
spread  over  with  small  granite  chippings,  well  watered,  and  finally 
compressed  by  a  steam  roller.  Sand  is  next  spread  evenly  over  the 
road-bed,  to  a  depth  of  about  half  an  inch,  which  forms  a  foundation 
for  the  small  basaltic  blocks  to  be  laid  upon.  The  roadway  is  then 
ready  for  the  paving  setts.  Before  laying,  each  stone  is  measured  by 
a  pavior,  and  those  measuring  3^  to  4  inches  in  depth  are  placed  into 
a  heap,  whilst  those  slightly  less  are  piled  into  another.  The  larger 
blocks  are  laid  near  the  crown  of  the  road,  and  the  smaller  ones  are 
used  at  the  sides. 

In  Germany,  this  description  of  pavement  is  mostly  used  for  obtaining 
a  better  road  during  the  winter  months  than  that  provided  by  ordinary 
macadam,  which  was  not  satisfactory. 

400.  The  small  setts  are  laid  on  the  existing  macadam  surface  after 
irregularities  have  been  levelled  and  rolled.  Sand  is  used  sparingly  for  the 
purpose  of  maintaining  a  regular  surface  with  stones  of  irregular  depths. 
The  arrangement  of  laying  the  irregular  setts  is  in  the  form  of  a  series  of 
small  arches  springing  from  a  longitudinal  herring-bone  bond.  This  form 
of  arch  construction  is  supposed  to  give  greater  strength  to  the  paving, 
while  it  is  also  claimed  that  the  loads  are  distributed  more  regularly  over 
the  surface  of  the  roadway.  The  joints  are  filled  with  sand,  which  is  spread 
over  the  surface  and  allowed  to  remain  for  a  few  days,  so  as  to  work  into 
the  joints. 

The  great  novelty  of  this  form  of  construction  appears  to  be  the  low 
cost  of  production  of  the  small  setts  made  from  basalt,  a  local  stone.  It  is 
extensively  used  in  several  German  provinces,  chiefly  in  Hanover,  Rhein- 
land,  Westphalia,  and  in  many  towns,  notably  Bonn,  Cologne,  Oberhausen, 
and  Wiesbaden,  where,  probably,  the  best  examples  of  this  paving  have 
been  carried  out. 

The  entire  cost  of  this  system  is  given  as  about  7s.  per  square  yard,  in- 
cluding an  ordinary  foundation,  and  as  about  4s.  lOd.  per  square  yard  laid 
on  existing  roads.  These  pavements  have  been  down  for  varying  periods, 
and  appear  to  give  entire  satisfaction. 

401.  The  advantages  claimed  for  this  method  of  paving,  which 
practically  forms  an  armoured  roadway,  are  durability,  absence  of 
dust  and  ease  of  cleansing,  excellent  foothold,  reduced  resistance  to 
traction  compared  with  large  granite  setts,  noiselessness,  approximating  to 
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that  of  traffic  on  asphalt,  and  low   first  cost,  varying  according  to  the 
locality. 

A  small  sett  pavement  of  this  description  laid  on  a  concrete  foundation 
will  undoubtedly  make  a  good  roadway,  and  the  foothold,  considering  the 
number  of  irregular  joints,  will  be  better  than  an  ordinary  sett-paved 
street.  The  cost  would  be  practicaUy  the  same  as  that  of  ordinary  sett 
pavements,  as  any  saving  in  the  price  per  ton  of  the  paving  stones  would 
be  counterbalanced  by  the  necessarily  increased  quantity  of  jointing 
material,  cement,  grout  or  pitch  required  for  the  small  sett  piving. 

The  reduced  resistance  to  traction,  due  to  the  stones  wearing  in  a  regular 
manner  owing  to  the  irregular  joints,  is  a  feature  characteristic  of  sett-paved 
streets  in  this  country  laid  in  herring-bone  fashion.  This  description  of 
jointing  is,  however,  very  slippery  during  frosty  weather.  The  cleansing 
is  easier  and  more  effective  than  on  a  macadam  road,  but  there  can  be 
little  difference  in  the  cost  of  doing  this  on  other  pavements  which  are 
laid  close-jointed  and  are  in  good  repair.  The  noise,  compared  with  large- 
sized  sett  paving,  will  necessarily  be  less,  and  the  vibration  will  also 
be  reduced. 

402.  This  system  of  paving  for  armouring  existing  macadam  roads 
suggests  many  considerations  as  to  its  suitability  for  this  country.  A  paving 
of  any  description  laid  on  an  existing  macadam  road  as  a  foundation  with 
sand  only  as  a  jointing  material  to  withstand  heavy  wheel  traffic  under 
all  climatic  conditions  prevailing  in  this  country  requires  close  scrutiny. 
Such  a  paving  must  be  totally  devoid  of  surface  drainage  and  the  sand 
joints  adversely  affected  during  high  winds.  The  rain  falling  on  an  ordinary 
macadam  road  is,  of  course,  drained  to  the  sides  owing  to  its  nominally 
waterproof  surface  and  convexity,  and  providing  the  surface  is  in  fair 
order,  otherwise  considerable  damage  is  done  to  the  crust  of  the  road. 
On  a  small  sett-paved  roadway  without  the  provision  for  surface  drainage 
all  the  rain  will  bo  absorbed,  and  will  drain  through  the  practically  open 
joints  composed  of  ordinary  sand  to  the  surface  of  the  old  road,  where  it 
will  either  remain  or  soak  into  the  macadam  foundation.  Moreover,  from 
a  hygienic  point  of  view  this  system  appears  to  be  one  which  cannot  be 
recommended  under  the  method  of  construction  described  in  the  preceding 
paragraphs. 

403.  From  this  aspect  of  the  subject,  the  method  under  notice  would, 
contrary  to  all  recognised  procedure  in  road  work  in  the  past,  nullify  the 
attempts  hitherto  made  and  the  endeavours  of  most  road  engineers  at  the 
present  time  to  form  a  thoroughly  waterproof  surface  as  a  solution  of 
the  question  of  preventing  mud  and  dust,  and  at  the  same  time  of 
prolonging  the  life  of  macadamized  roads. 

This  system  has  been  introduced  into  England  and  carried  out  by 
Mr.  Wheeler  of  the  Welsh  Granite  Co.,  chiefly  near  Stockport,  Lancashire. 
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It  is,  however,  too  early  to  ])ronounce  any  definite  opinion  in  regard  to 
its  suitability  to  the  requirements  of  this  country,  or  as  to  the  advantages 
claimed  for  it. 

This  form  of  pavement  is  somewhat  similar  to  the  random  pitching 
and  homizing  practised  in  many  parts  of  this  country  years  ago.  These 
were  not,  however,  very  successful,  owing  probably  to  the  absence  of  some 
virtue  apparently  possessed  by  the  German  stones,  and  especially  by  the 
sand  as  a  jointing  material 
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404.  The  idea  of  constructing  the  carriageway  pavements  in  towns 
witli  wood  dates  back  about  a  century,  though  the  first  appearance  of  this 
tloHcription  of  paving  in  London  occurred  in  the  year  1839.  Since  this 
yiMir  a  large  vari(>ty  of  methods  of  laying  the  wood  blocks  have  been 
introduced,  and  particulars  of  the  earlier  systems  were  given  in  the  first 
edition  of  this  work.  The  chief  developments  which  have  taken  place  in 
wood-paving  have  been  in  the  direction  of  the  size  and  shape  of  the 
blocks  thenisi'lves,  and  in  the  kinds  of  wood  employed.  In  the  earhest 
contnicts  carried  out  the  blocks  measured  6  to  8  inches  across,  and  from 
31  to  G  inches  deep;  in  another  instance  the  size  of  the  blocks  was 
6 J  to  7  A  inches  wide,  13  to  15  inches  long,  and  from  8  to  9  inches 
<leoj).  vSoiiie  years  later  these  measurements  were  considerably  reduced, 
:ind  jipproarluMl  very  closely  to  the  present  size  of  the  wood  block.  The 
(litrcrcnt  (biscriplions  of  wood  employed  included  Baltic  fir,  pine,  oak,  elm, 
beech  and  ash,  most  of  which  find  no  place  in  modern  wood-paving.  In 
one  or  two  instances,  such  as  that  known  as  the  improvc<l  wood  system 
introduced  from  Anu*rica  into  London  in  1871,  the  blocks  were  dipped 
in  tar  previous  to  being  laid,  while  in  what  was  known  as  the  Ligno 
Universal  pavement  the  wood  underwent  a  process  of  "mineralization." 
Kroni  these  earlier  methods,  therefore,  the  present  principles  characterising 
the  systems  of  paving  now  in  general  use  have  been  developed. 

405.  The  chief  descriptions  of  wood  in  use  for  paving  carriageways  at 
the  present  time  are  those  which  have  come  to  be  classified  as  softwoods 
and  hardwoods.  The  softwood  most  largely  employed  is  that  of  yellow 
deal.  The  nature  of  this  wood  being  very  absorbent,  the  method  of 
crcosoting  was  intro<luced  in  order  to  fill  up  the  interstices,  which  has 
the  eilV'ct  of  preserving  the  wood  and  making  it  more  sanitary.  In  spite  of 
this,  however,  it  will  be  observed  from  the  following  Table  (XLYL),  compiled 
from  results  obtained  by  Drs  Gordon  and  Hake  for  the  Agent-General  for 

Western  Australia,  that  it  does  not  compare  favourably  with  the  hardwoods. 
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Table  XL VI. 
Analijsis  of  aqueous  exiraci  of  variova  panng  blocks  after  use  in  traffic. 


Description  of  Block. 

Karri, 
1893. 

Jarrah, 
1894. 

Red 
Gum, 
1889. 

Deal, 
1890. 

Deal, 

Creosoted, 

1899. 

Ammonia,      .... 

•0008 

•0018 

•00016 

•00016 

•00112 

Albuminoid  ammonia,    . 

'00113 

•00145 

•00140 ;      -00108 

•00314 

Chlorides,       .... 

•020 

•048 

•072            •I 

•02s 

Nitrates,         .... 

'0029 

•0037 

•0030 

•0116 

•0088 

Oxygen   absorbed    from    per- 

•168 

•303 

232 

•048 

•688 

manganate, 

Sulphates,      .... 

slight 

strong 

strong 

strong 

minute 

traces 

traces 

traces 

traces 

traces 

Phosphates,    .... 

slight 

minute 
traces 

nil. 

nil 

slight 
traces 

Total  solids  in  solution,  . 

•32 

•68 

•68 

•70 

74 

(a)  Organic, 

•24 

•41 

•61 

•40 

•68 

(6)  Inorganic, 

•08 

•17 

•17 

•30 

•11 

Determination  of  moisture,*   . 

23  13 

•24-71 

88-11 

32^41 

81^11 

*  The  figures  given  represent  the  quantities  present  in  100  parts  by  weight 

of  wood. 

The  creosotiug  of  the  deal  blocks,  therefore,  does  not  appear  to  reduce 
tlieir  absorption  of  sewage. 

An  undesirable  effect  is  often  observed  in  connection  with  the  use  of 
creosoted  blocks,  namely,  the  gradual  exudation  of  bituminous  matter, 
which  is  forced  to  the  surface  and  forms  a  thick  layer,  and  which  in  liot 
weather  is  very  objectionable  to  both  horse  and  pedestrian  traffic. 

The  two  distinctive  features  which  have,  no  doubt,  largely  influenced 
autliorities  in  selecting  deal  for  paving  purposes  have  been  its  comparative 
quietness  under  traffic  and  the  lowness  of  the  initial  cost,  thougli  this 
latter  is  somewhat  modified  when  it  is  remembered  that,  at  any  rate  in 
London,  the  paving  contractor  is  granted  a  maintenance  allowance  varying 
from  6d.  to  Is.  3d.  per  yard  per  annum  over  the  whole  area  laid. 

The  effect  of  creosoting  is  also  to  lessen  the  amount  of  expansion  in 
comparison  with  the  untreated  blocks,  as  shown  in  the  following  figures 
(Table  XLVIL),  which  were  obtained  by  Mr.  Buckham,  Borough  EIngineer 
of  Ipswich^  from  the  immersion  in  water  for  forty-eight  hours  of  six 
samples,  three  treated  and  three  untreated. 


Table  XLVII. 


On  length  of  block, 
On  width 
On  depth 


ti 


II 


Creosoted. 
•099 
•67 
•16 


Untreated. 
•6 
•83 
•:i\ 
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These  results  would  represent  in  a  30-feet  caniagewaj  2*72  iochtf 
for  plain  blocks,  if  under  the  same  conditions.  Compared  with  the 
West  Australian  hardwoods,  Jarrah  and  Karri,  creosoted  deal  shov? 
sliglitly  less  expansion  than  the  former,  but  considerably  more  than 
the  latter. 

In  experiments  carried  out  by  Mr.  H.  T.  Wakelam,  County  Engineer  of 
Middlesex,  in  which  he  subjected  several  samples  of  Jarrah  and  creosoted 
deal  to  severe  tests,  he  found  that  the  comparative  expansion,  contractioDi 
and  absorption  were  as  follows : — 

Table  XLVHI. 

Expansion.  Contraction.  Absorption. 

Jarrah,   ....  1*37  6*94  0*60 

Creosoted  deal,        .         .  1*53  3*03  5*66 

Mr.  P.  H.  Palmer,  the  Borough  Surveyor  of  Hastings,  remarks  upon 
deal  paving,  that  "  even  when  creosoted,  owing  to  its  coarseness  of  grain 
it  takes  up  and  holds  a  large  amount  of  impurity  due  to  the  trafiic  and 
manure  of  the  road.  It  is  a  difficult  material  to  deal  with  in  respect  of 
expansion  and  contraction,  and  on  the  whole,  whether  creosoted  or  not| 
is  much  less  sanitary  than  a  hardwood  paving.  With  regard  to  the  life 
of  softwood  paving,  this  appears  to  vary  very  considerably  in  different 
places.  There  are  instances  where  softwood  appears  to  have  only  lasted 
for  seven  years  or  more,  and  others  where  it  has  lasted  for  seven  to  twelve 
and  fourteen  years.  This,  of  course,  may  bo  due  to  a  combination  of 
circuinstances,  such  as  the  nature  of  tlie  traffic,  width  of  the  roadway, 
and  principally  to  the  careful  selection  and  laying  of  the  blocks." 

The  point  of  selection  of  blocks  is  an  important  one  in  connectiou  with 
every  description  of  wood  employed  for  paving  purposes.  It  should  be 
free  from  stip,  close  and  evenly  grained,  and  thoroughly  well  seasoned. 

There  is  a  somewhat  wide  dilFerence  of  opinion  in  regard  to  the  weai 
of  softwood,  some  authorities  asserting  that  it  wears  down  more  evenly 
than  hardwood,  while,  on  the  other  hand,  there  are  those  who  contend 
that  it  is  very  liable  to  wear  into  holes,  allowing  water  to  collect,  which 
naturally  has  the  effect  of  inducing  decay.  On  the  other  hand,  one  of  the 
London  borough  engineers,  who  is  a  large  user  of  hardwood,  states  that 
softwood  wears  more  evenly  than  the  former. 

The  following  Table  (No.  XLIX.,  page  373),  compiled  from  figures 
obtained  by  the  Borough  Engineer  of  Camberwell  and  others,  shows  the 
cost  and  estimate  of  the  wear  of  softwoods  in  the  London  boroughs  and 
certain  provincial  towns. 

From  these  figures  it  will  be  seen  that  there  are  considerable  differences 
in  the  matter  of  cost,  of  the  estimated  life  of  the  wood — a  factor  which  is 
so  largely  governed  by  the  locality  and  amount  and  description  of  traffic 
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passing  over  the  roadway,  and  of  the  cost  of  taking  up  old  blocks  and 
relaying  new  on  existing  foundations. 


Table  XLIX. 


Cost  per  yard 

U'ati  m  A.fiwil 

Cost  of  taking 

super,  with 
foundations. 

life  of  wood. 

up  and  relaying 
new  blocks. 

s,    d. 

Years. 

a,    d. 

London— 

Battersea, 

13    3 

10 

•  •  • 

Camberwell,    . 

15    0 

7 

12    3 

Hammersmitli, 

11     6 

... 

8    0 

Marylebone,    . 
Paddington,    . 

10    0 

7-10 

10    0 

12    6 

15 

7    8 

Shoreditch, 

12    6 

5 

■  •  • 

Westminster,  . 

10    0tol2    0 

8 

•  •  • 

Brighton,     .... 

I110tol4    8 

•  •  • 

•  •• 

Bonmemoatli, 

11    0 

10 

•  •  • 

Cardiff,        .... 

12    6 

U 

•  •• 

Hull,   ....         1 

6    6 
(without  foundations) 

1  ■» 

3    6 

• 

Plymoath,   .... 

12    0 

11 

8    0 

Wolverhampton,  . 

15    d 

8 

12    9 

Birmingham, 

13    0 

10 

•  •  • 

Bristol,         .... 

11    0 

10 

*  •  • 

During  the  year  1906  objections  were  raised  against  the  use  of 
creosoted  deal  blocks  on  account  of  the  fumes  given  off  by  the  creosote 
oil.  The  roadway  round  Parliament  Square  had  been  newly  laid  with 
these  blocks,  and  a  subsequent  observation  showed  that  the  flowers  planted 
in  the  plots  adjacent  to  the  roadway  had  become  strangely  affected,  in 
that  the  blossoms  had  fallen  off  and  the  leaves  had  shrivelled.  Such  ai\ 
occurrence  had  not  before  been  noticed,  and  it  was  attributed  to  the  effects 
of  the  creosote  oil.  A  similar  experience  was  also  recorded  at  Bristol  in 
the  grounds  of  a  florist,  whose  plants  had  suffertsd  in  the  same  way.  As 
no  experimental  proof  has  been  obtained  of  this  peculiarity,  it  cannot  be 
said  decidedly  that  the  withering  of  the  flowers  was  entirely  due  to  the 
cause  referred  to.  In  both  cases,  independent  of  one  another,  however, 
the  effects  produced  followed  immediately  on  the  laying  of  the  creosoted 
deal. 

406.  Hardwoods. — The  woods  now  in  general  use  for  paving  are  the 
West  Australian  hardwoods,  Jarrah  and  Karri,  and  Blackbutt,  a  New 
South  Wales  wood.  The  West  Australian  woods  are  by  far  the  most 
widely  used.  All  the  woods  belong  to  the  Eucalyptus  family,  and  their 
tensile  and  crushing  strengths  are  high.  The  average  weights  of  Jarrah 
and  Karri  are  respectively  65  lbs.  and  63  lbs.  per  cubic  foot,  as  compared 
with  64  lbs.  for  British  oak  and  40  lbs.  for  elm.    The  princi^^l  i^tq»^^\«s^ 
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of  the  West  Australian  woods  are  as  follows : — Karri  {Eucalypitu  dtveni- 
color)  is  a  hard,  heavy,  pale  red  wood,  with  very  little  absorptive  power; 
tlio  fibres  are  strongly  interlaced,  and  it  is  of  great  tensile  strengtL  It 
contains  tannin  and  other  gum  resins.  Jarrah  {Eucaiyptus  wuvgifuda) 
is  a  heavy,  hard  wood,  slightly  redder  in  colour  than  Karri.  It  has 
very  little  absorptive  power,  and  is  very  durable  and  tenacious.  It  i£ 
consequently  an  excellent  wood  for  paving.  It  also  has  considerable 
nntunil  antiseptic  properties,  containing  a  red  resin  (red  kino),  4  to  5 
per  cent,  of  kino-tannin,  and  a  vegetable  acid,  viz.,  oxalic,  which  is 
particularly  disagreeable  to  the  various  forms  of  insects  (ants,  wood  beetlesi 
etc.)  whicli  generally  uifest  woods,  and  this  property  alone  renders  it  veiy 
valuable.  Both  these  woods  are,  as  stated,  red  in  colour,  and  a  common 
method  of  distinguishing  them  from  one  another  is  by  burning,  Jarrah 
leaving  a  black  cinder  and  Karri  a  light-coloured  ash.  There  is  also  the 
specific  gravity  test,  Jarrah  weighing  2  lbs.  more  to  the  cubic  foot  than 
Karri. 

Blackbutt,  a  New  South  Wales  hardwood,  has  been  to  some  extent 
employed  in  this  country,  but  not  sufficiently  to  enable  an  opinion  to  be  given 
as  to  its  suitability  for  paving  purposes.  Among  the  towns  which  have  had 
this  wood  laid  down  are  Edinburgh,  Newcastle,  Newport  (Mon.),  Leith,  etc, 
where  they  appear  to  have  given  satisfaction  as  a  paving  materiaL 

The  paving  in  Newcastle  was  down  seven  years  and  showed  no  signs 
of  wear.  The  recorded  dry  weight  of  the  wood  is  46  lbs.  to  59^  lbs.  per 
cubic  foot,  and  the  grain  is  coarse  and  dense.  It  is  also  said  to  be  non- 
iiilhiininable.  The  absorptive  power  of  the  wood  is  about  2  per  cent.,  while 
the  (?xi>an8ion  and  contraction  are  said  to  be  very  slight.  It  is,  however, 
a  wood  of  even  closer  texture  than  Karri,  and  would,  therefore,  be  more 
Hlippory  and  give  less  hold  for  horses  than  the  West  Australian  woods, 
(•specially  where  the  grjidient  is  steep.  Mr.  R.  W.  Richards,  late  City 
Surveyor  of  Sydney,  N.S.W.,  states  that  during  1888  wood  pavement  was 
laid  in  Casthiroagh  Street,  between  Park  and  Bathurst  streets,  with  a  close 
joint.  The  paving  material  consisted  chiefly  of  l^lackbutt  and  Tallow 
wood,  and  during  the  week  ending  27th  February  1904  blocks  were  removed 
from  portions  of  the  carriageway  carrying  the  most  of  the  traffic  which  may 
be  taken  ius  heavy  and  continual,  and  upon  examination  showed  an  average 
wear  at  the  rat<5  of  .^qIIi  of  an  inch  per  annum.  Blocks  of  Blackbutt  and 
Ifardwood  removed  from  Kent  Street,  subjected  to  the  heaviest  class  of 
traliic  common  to  mercantile  and  wharf  districts  of  the  city  for  twelve  years, 
showed  wear  at  the  rate  of  j/gth  of  an  inch  per  annum.  The  loss  in  wear 
annually  of  these  woods  at  Sydney  being  so  slight  would  no  doubt  arise 
from  the  fact  that  the  surface  is  treated  once  or  twice  each  year  with  a 
dressing  of  distilled  Uir  and  sand. 

407.  In  addition  to  the  hardwoods  mentioned,  several  other  descriptions 
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have  been  introduced  from  different  countries,  but  none  have  made  any 
headway  for  paving  purposes.  Among  those  experimented  with  are  tallow- 
wood^  blue  gum,  red  gum,  Algarrobo,  camphor-wood,  stringy-bark,  etc. ;  that 
which  caused  the  greatest  stir  in  paving  circles  was  the  wood  known  as 
American  Red  Gum.  Excellent  as  this  wood  has  proved  for  other  uses,  its 
adoption  iu  this  country  showed  that  it  was  entirely  unfitted  for  paving 
purposes.  It  was  first  laid  in  Wliitehall,  in  1901,  and  at  the  end  of  a 
year's  wear  had  to  be  partially  relaid,  and  was  subsequently  replaced  by 
creosoted  deal.  During  the  few  years  it  was  down  repairs  and  relayings 
were  constant,  and  the  same  experience  was  recorded  at  Kensington  and 
Brighton,  and  other  places  where  it  has  been  adopted. 

The  other  woods  mentioned  have  neither  been  tested  for  a  sufficient 
length  of  time  nor  extensively  enough  to  warrant  any  conclusion  being 
arrived  at  in  regard  to  their  suitability  as  a  paving  material  or  as  to  their 
wearing  qualities. 

408.  When  the  West  Australian  hardwoods  were  first  introduced  into 
this  country  in  1888  tliere  was  great  difficulty  in  obtaining  thoroughly 
seasoned  timber,  and  tliis  acted  detrimentally  against  its  adoption  and 
produced  erroneous  opinions  as  to  its  advantages  as  a  paving  material  The 
contraction  and  ex})ansion  were  excessive,  and,  on  account  of  its  too  un- 
seasoned state,  the  wear  was  far  from  satisfactory.  When,  however,  this 
defect  was  removed  and  well-seasoned  blocks  were  supplied,  these  hardwoods 
took  the  place  among  paving  materials  which  experience  has  proved  that 
they  should  occupy.  The  chief  characteristics  of  these  woods  for  this 
puri)Ose,  in  comparison  with  other  materials,  are  exhibited  in  the  following 
Table  (L.),  which  was  specially  drawn  up  for  a  report  on  the  subject  by  the 
Agent-General  for  Western  Australia : — 


Table  L. 


First. 

Second. 

Third. 

Durability,   . 

Hardwood. 

Asphalt 

Softwood. 

Economy, 

Hardwood. 

Asphalt 

Softwood. 

Hygiene, 

Asphalt 

Hardwood. 

Softwood. 

Qaietness,     . 

Softwood. 

Hardwood. 

Asphalt 

Safety,  . 

Wood. 

Asphalt 

Traction  resistance, 

Asphalt 

Wood. 

Base  of  cleansing,  . 

Asphalt 

Hardwood. 

Softwood. 

Kase  of  repair, 

Asphalt 

Wood. 

409.  Gradients. — The  steepest  gradient  which  could  be  successfully 
laid  with  wood  paving  was  considered  to  bo  1  in  40.  Streets  having 
steeper  gradients  are  now  paved  with  wood,  as,  for  instance.  Savoy  Street 
and  Arundel  Street  in  London,  which  are  situated  on  gradients  of  1  in  12 
and  1  in  14  respectively.     It  is,  however,  considered  in  modem  practice 
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that  streets  should  not  be  paved  with  wood  where  the  gradient  exceeds  1  in 
27.  Under  certain  atmospheric  conditions  the  paving  becomes  slippery, 
and  requires  sand  or  fine  gravel  sprinkled  over  the  surface  to  ensure  a  good 
foothold.  The  frequency  with  which  this  has  to  be  done  increases  as  the 
gradient  becomes  steeper,  and  the  expenditure  under  this  head,  in  giving 
an  artificial  foothold,  amounts  to  a  considerable  sum  annually. 

410.  Contour. — The  convexity  adopted  for  a  wood  pavement  is 
generally  ^^^^^th  to  -^th  of  the  width  of  the  carriageway,  and  may  be  made 
in  form  of  a  segment  of  a  circle,  or  according  to  the  ordinates  shown  in 
fig.  133. 

411.  Foundations. — Upon  the  excellence  of  the  foundations  of  all  high- 
class  pavements  depends  to  a  very  large  extent  their  wear  and  the  retention 
of  an  even  surface.  In  fact,  too  much  attention  cannot  be  given  to  this 
matter,  for  many  of  the  defects  which  have  appeared,  especially  in  wood 
pavements,  are  attributable  to  the  inferior  material  and  work  which  have 
been  put  into  the  foundation.  It  is  a  matter  of  experience  that  many 
otherwise  good  carriageways  have  been  rendered  unfit  for  traffic  on  account 
of  the  sinking  of  the  wood  blocks  and  the  consequent  greatly  accelerated 
wear  on  the  surrounding  paving  material,  whereas  if  the  surface  paving  had 
been  laid  on  a  thoroughly  consolidated  concrete  base,  the  roadway  would 
have  lasted  for  years ;  therefore  too  much  stress  cannot  be  laid  on  this  point 

Experience  has  shown  that  the  best  foundation  is  one  composed  of 
cement  concrete,  and  the  more  perfectly  it  is  laid  the  longer  the  life  of  the 
paving  above  it.  But  under  the  concrete  roadway  is  another  foundation, 
one  of  earth,  which  has  frequently  been  disturbed  for  a  considerable 
distance,  and  which,  if  not  properly  consolidated,  will  render  all  care 
afterwards  of  little  avail ;  for  the  traffic  follows  the  completed  street  so 
quickly  that  depressions  must  occur  if  this  is  not  very  well  done,  as  the 
concrete  is  not  sufficiently  hard  to  resist  the  pressure.  The  foundation  of 
concrete  is  the  real  roadway,  and  it  should  be  perfect  in  form  and  as  strong 
to  resist  compression  as  it  can  ]>e  made  with  good  l^ortland  cement  concrete. 

For  wood  paving  it  is  imperative  that  the  exact  falls  required  should 
be  given  to  the  surface  of  concrete.  It  should  l>e  even  and  true,  and 
although  not  required  to  withstand  wear  and  tear,  should  be  impermeable 
to  moisture.  Wood  blocks  are  cut  to  an  exact  gauge  and  laid  upon  the 
concrete  without  any  intermediate  padding ;  therefore  the  under  level  rules 
the  upper.  For  asphalt  and  granite  paving  these  conditions  are  not  so 
important.  The  asphalt  can  vary  a  little  in  thickness,  and  its  perfect  form 
depends  on  the  skill  of  the  workmen  laying  it  more  than  on  the  surface  of 
the  concrete  underneath,  while  the  granite  blocks  vary  so  much  in  depth 
that  they  have  to  be  laid  on  a  bed  of  sand  of  sufficient  thickness  to  adjust 
their  inequalities. 

The  compressive  strength  of  concrete  is  very  great  when  it  is  allowed 
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time  to  mature  and  harden,  say  seven  days  as  a  minimum.  Proportions  of 
6  of  clean  gravel  to  1  of  Portland  cement  when  hard  will  bear  a  pressure 
of  100  tons  to  the  square  foot;  8  to  1,  75  tons;  10  to  1,  50  tons;  and  12 
to  1,  about  33  tons  per  square  foot. 

Concrete  is  very  weak  in  tension,  being  only  about  ^th  of  its  compressive 
strength,  a  fact  which  shows  how  necessary  it  is  to  have  the  ground  well 
consolidated  on  which  the  concrete  is  laid.  Engineers  and  surveyors 
should  bear  this  in  mind,  and  should  specify  that  small  steel  rods,  with 
their  ends  turned  up,  should  be  placed  as  low  in  the  concrete  as  possible, 
across  the  site  of  the  trenches  recently  cut  and  filled.  Steel  has  a  tensile 
strength  of  62,720  lbs.  per  square  inch,  and  by  placing  these  bars  low 
down,  and  of  a  shape  that  cannot  slip,  we  can  make  up  for  the  deficiency  in 
the  tensile  strength  of  the  concrete,  and  make  the  lower  half  nearly  equal 
in  strength  to  the  upper. 

Chalk  and  river  mud  are  the  constituents  of  the  Portland  cement  made 
on  the  Thames  and  Medway.  An  excess  of  the  former  is  very  likely  to 
produce  a  cement  containing  caustic  lime ;  and  an  excess  of  the  latter  either 
causes  fusing  in  the  burning,  which  makes  the  clinker  useless  for  cement^ 
or  it  is  under-burnt  and  produces  an  inferior  article.  It  is  the  clay  that 
possesses  the  power  of  rendering  the  compound  hydraulic. 

The  strength  of  the  concrete  depends  very  much  on  the  quality  of  the 
aggregate.  It  should  be  clean,  angular,  and  hard,  and  of  all  sizes  from  ^th 
of  the  thickness  of  the  foundation  to  the  finest  grains  of  sand.  Gravel, 
broken  stone,  igneous  rocks,  flints,  sandstones,  limestones,  broken  bricks, 
burnt  clay,  coke  breeze,  slag,  are  all  used. 

On  the  point  of  the  setting  qualities  of  a  cement,  Mr.  H.  K.  Q.  Bamber, 
the  managing  director  of  the  Associated  Portland  Cement  Manufacturing 
Co.,  Ltd.,  stated  in  a  paper  he  read  some  time  ago  that  the  cement  supplied 
by  a  manufacturer  to  a  required  setting  time  may  vary  considerably  in  its 
setting  characteristics,  in  accordance  with  the  amount  of  aeration  to  which 
the  sample  is  subjected,  and  that  this  unavoidable  variation,  due  to 
atmospheric  causes,  is  a  fruitful  source  of  trade  disputes.  The  cement 
should,  as  far  as  possible,  be  tested  as  received. 

The  method  of  testing  the  setting  time  most  in  favour  is  that  of  the 
use  of  a  weighted  ''  needle,''  having  a  point  -^th  of  an  inch  square,  and 
weighing  in  all  2^  lbs.  The  cement  is  not  considered  set  so  long  as  an 
appreciable  impression  is  made  when  the  needle  is  carefully  applied  to  the 
surface  of  the  pat. 

In  gauging  the  pat  for  this  test,  sufficient  water  should  be  used  to 
produce  a  plastic  mass,  but  care  must  be  taken  not  to  use  an  excess  of 
water,  which  would  result  in  a  scum  on  the  surface  of  the  pat  which 
would  make  observation  of  the  real  impressions  difficult,  and  lead  to 
divergent  results. 
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Many  cements,  especially  those  of  a  slow  setting  character,  will  continne 
to  show  faint  impressions  upon  application  of  the  needle  long  after  the 
actual  ''setting"  has  taken  place,  which  will  continue  until  superficial 
hardening  of  the  pat  prevents  any  further  marking. 

In  cements  of  this  description,  experience  only  can  guide  one  in  fixing 
the  point  when  setting  is  complete  and  hardening  in  progress. 

The  temperature  and  humidity  of  the  surrounding  atmosphere  also  plays 
a  not  inconsiderable  part  in  the  action  of  the  setting  of  cement.  A  hot 
dry  atnios])hero  will  tend  to  more  rapid  setting.  As  far  as  possible  a 
normal  tem|>erature  of  62**  Fahr.  and  a  moist  atmosphere  should  be 
maintained  in  the  laboratory.  Pats  should  always  be  made  ou  glass  or 
some  other  non-absorbent  material,  and  kept  in  such  position  that  undue 
evaporation  of  the  gauging  water  is  prevented. 

Very  slow-setting  cements  frequently  show  contraction  cracks  while 
setting  from  this  cause,  the  water  being  evaporated  before  the  chemical 
action  by  crystallisation  is  complete,  with  consequent  shrinkage.  Tliere 
is  no  difficulty,  however,  in  distinguishing  between  a  contraction  and  an 
expansion  crack.  The  fonner,  however,  is  frequently  taken  for  the  latter, 
causing  much  consternation  and  unnecessary  trouble  and  anxiety  to  the 
consumer,  and  annoyance  to  the  manufacturer,  who,  having  supplied  what 
has  been  required  of  him,  cannot  control  the  forces  of  nature.  In  testing 
slow-setting  cements  for  setting  time,  it  is  always  advisable  to  take  special 
precautions  against  evaporation ;  the  pats  when  gauged  should  be  covered, 
or  placed  in  some  receptacle  in  which  the  atmosphere  can  be  kept  moist 
until  tlie  setting  is  coni[)lete. 

In  most  Ctuses  the  old  foundation  of  concrete,  which  has  done  service 
for  other  descrii)tions  of  paving  material,  is  utilized,  with  the  addition  of 
l)eing  floated  with  cement  mortar  to  render  the  surface  smooth,  and  make 
good  any  depression  or  alteration  of  the  contour  which  the  finished 
surface  of  the  street  is  to  assume  when  completed.  This  is  accomplished 
by  fixing  level-pegs  longitudinally  and  transversely  to  secure  efficient 
surface  drainage.  The  intermediate  points  are  determined  by  means  of 
boning-rods,  and  the  carriageway  is  then  divided  into  panels  or  l^ays  of  a 
certain  width  for  carrying  on  the  operations  of  floating  the  surface  with 
cement  mortar.  Iron  wedges  are  driven  into  the  concrete  foundation  at 
intervals  of  5  or  6  feet  across  the  roadway  between  the  kerbs  or 
channels,  and  wooden  pegs  inserted  into  the  holes  thus  made  ;  the  height  of 
each  is  fixed  by  Ix^ning;  the  tops  of  the  pegs  are  then  cut  oflT,  where 
necessary,  to  the  proper  level.  On  the  top  of  these  a  lath  2J  inches  by 
^  inch  is  fixed  by  nails  forming  a  template,  the  upi)er  side  of  which 
corresponds  to  the  finished  surface  and  the  required  contour  of  the  cement 
mortar  coating.  The  panels  may  vary  from  12  to  15  feet  in  width,  and 
each  alternate  one  is  completed  and  allowed  to  set  before  commencing  the 
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others.  The  cement  mortar  or  rendering  is  regulated  by  means  of  a 
straight  edge,  worked  between  the  lath-templates  transversely,  which 
ensures  the  surface  being  finished  in  a  uniform  manner.  When  the  whole 
has  become  liard,  the  laths  are  removed  and  the  spaces  filled  in  with  thick 
cement  grout. 

Expansion  of  the  concrete  foundation  has  to  be  considered,  and  it  is 
now  usual  to  provide  an  expansion  joint  1  inch  wide  across  the  roadway 
at  about  every  100  feet.  In  wide  streets  it  also  becomes  necessary 
to  provide  one  or  two  longitudinal  expansive  joints  placed  a  few  feet 
from  the  kerb.     These  joints  are  generally  filled  with  plasterer's  putty. 

As  there  is  no  cushion  of  sand  made  use  of  in  wood  paving,  at  all  events 
in  first-class  work,  it  is  absolutely  necessary  that  the  concrete  should  bo 
thoroughly  hard  before  commencing  to  lay  the  paving  blocks.  The  time 
necessary  for  this  will,  to  a  certain  extent,  depend  on  the  weather,  but  is 
usually  from  ten  to  twelve  days ;  in  many  cases,  however,  the  laying  of  the 
blocks  may  be  commenced  six  days  after  the  completion  of  the  concrete 
foundation.  The  surface  should  be  swept  clean  and  be  thoroughly  dry 
before  the  blocks  are  laid  upon  it  and  grouted. 

412.  Method  of  Laying. — Too  much  stress  cannot  be  laid  on  the  point 
that  all  wood  blocks  must  be  thoroughly  seasoned  and  carefully  selected 
before  being  laid;  and  where  facilities  permit,  the  stocking  of  blocks  a 
certain  time  previous  to  laying  is  not  by  any  means  a  bad  method  to 
adopt.  In  some  boroughs  and  towns  machinery  is  provided  for  cutting  the 
blocks  from  the  hardwood  planks,  and  is  found  to  be  more  economical 
than  obtaining  the  paving  blocks  in  a  finished  state.  It  is,  however, 
absolutely  essential  that  they  should  be  cut  perfectly  true,  to  admit  of 
close  jointing. 

The  general  practice  in  regard  to  hardwood  paving  is  to  use  blocks 
measuring  9  inches  long,  3  or  4  inches  wide,  and  5  inches  deep.  In 
some  instances,  however,  the  depth  has  been  reduced  to  4  inches;  and 
considering  the  specific  gravity  and  other  qualities  of  the  wood,  there  does 
not  appear  much  justification  for  adopting  a  depth  of  5  inches.  If  blocks 
of  this  latter  depth  are  used,  however,  it  is  possible  that  when  the 
surface  has  become  considerably  worn  and  requires  repair,  the  blocks  may 
be  taken  up,  trimmed  down  to  3^  or  3  inches  and  relaid,  as  has  been  done 
at  Camberwell  and  elsewhere.  Another  instance  of  using  shallow  blocks 
is  that  of  the  New  Kent  Road,  where  Jarrah  blocks,  6x3x3^  inches, 
have  been  laid  and  are  proving  very  satisfactory.  Hampstead  also  has 
several  miles  of  4'inch  blocks,  as  also  has  Bethnal  Green  and  a  number  of 
provincial  towns.  This  movement  in  the  direction  of  using  shallow  blocks 
is  one  that  has  originated  during  the  last  few  years,  and  is  well  worth  the 
consideration  of  engineers  and  surveyors,  though  it  has  been  asserted  that 
in  consequence  of  the  concrete  foundation  being  brought  neat^x  V^  ^i^cv'^ 
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nirface,  the  heat  of  the  sun  vould  affect  this,  and  by  radiatjon  eaoM 
expaiuion  of  the  blocks. 

The  custom  univenaUy  adopted  in  laying  the  blocka  is,  tianavenelj 
across  the  street  vith  the  fibre  of  the  wood  vertical  and  immediately  on  the 
concrete  foundation,  though  a  layer  of  sand  from  ^  to  }  inch  deep  is 
sometimes  introduced  between  the  paring  and  the  fouodation. 

The  latter  system  is  adopted  witli  a  view  to  reveraing  the  blocka  trhen 
they  hove  become  uneven  through  wear,  and  the  aand  cushion  also  tends 
to  reduce  noise.  This  arrangement,  by  which  the  life  of  the  pavement  is 
prolong»I,  can  only  be  advantageously  adopted  in  streets  which  hsvi 
moderate  traffic  The  making  of  the  joint  is  performed  in  Torious  ways, 
the  material  used  being  either  cement  grout  or  a  bituminous  compoaitioo. 
The  wide  joint  which  was  charaoteriatic  of  this  class  of  pavement  some  yean 
ago  has,  in  most  recent  work  of  this  description,  been  practically  eliminated. 
It  ia  gciiemlly  admitted  that  wide  joints  on  a  level,  or  comparatively 
level,  cariingeway  do  not  afford  foothold  for  horses  more  than  paving  laid 
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with  close  joints.  On  gradients,  however,  it  is  usual  to  set  the  blocks  with 
n  ^-inch  ur  j|-ineh  joint  for  the  safety  of  horse  traffic.  Fig.  137  shows  a 
cro«s-a(H;tion  of  a  wood  pavement. 

413.  In  connection  with  this  question  of  laying  wood  blocks,  there  have 
been  methods  introduced  having  as  their  object  the  bonding  of  the 
sopuriitc  blocks  together,  and  although  this  has  its  advantages  in  the 
direction  of  reducing  vibration  and  the  consequent  displacement  of  the 
blocks,  it  adds  to  the  cost  of  the  paving,  and  has,  in  consequence,  not  been 
very  hirgely  adin)ted  by  niunicipitl  authorities,  though  it  is  stated  that  bloi^ks 
of  Icfis  depth  may  bo  used  if  they  are  bonded  together  in  such  a  manner. 

The  system  chiefly  in  vogue  for  this  purpose  is  that  known  as  Duffy's 
Dowelling  System.  Under  this  method  a  perfect  bond  is  secured  between 
the  individual  Mocks  themselves,  while  it  ensures  the  adhesion  of  the  block 
to  the  foundation  upon  which  it  is  laid.  These  advantages  are  obtained  by 
the  dowelling  of  the  blocks,  which  is  briefly  as  follows  ; — Into  the  concrete 
foundation  covered  with  a  floating  of  cement  are  built  a  series  of  what  are 
termed  "bonding  blocks,"  the  top  of  these  blocks  being  level  with   the 
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cement.  Wlien  the  latter  is  thoroughly  dry  and  hard  the  blocks  are  laid 
thereon,  each  separate  block  being  secured  indiyidually  together  by  means 
of  dowels  fitting  into  corresponding  recesses  in  the  adjacent  blocks.  By  this 
means  a  union  or  "  Bond  "  of  the  greatest  strength  and  tenacity  is  effected, 
the  blocks  being  held  firmly  in  position  at  every  point. 

414.  Method  of  Forming  the  Joints. — A  considerable  difference  of 
opinion  exists  as  to  the  most  effective  form  of  jointing  for  wood  paving — 
many  advocating  close  joints,  that  is,  butting  the  blocks  together  so  closely 
as  to  get  a  continuous  and  unbroken  surface;  while,  on  the  other  hand, 
there  are  those  who  consider  blocks  should  be  laid  with  ^inch  to  ^inch  open 
joints.  One  authority  states  that  blocks  should  be  laid  as  closely  together 
as  possible,  consistent  with  the  fact  that  sufficient  space  is  allowed  to  ensure 
that  the  ^inch  pitch  or  cement  grouting  thoroughly  penetrates  the  joints 
all  round  the  blocks,  thus  providing  a  water-tight  surface.  This  close 
jointing  necessitates  very  precise  cutting  of  the  blocks,  otherwise  they  would 
have  a  tendency  to  rock. 

In  a  paper  read  by  Mr.  W.  N.  Blair  on  the  jointing  of  wood  pavements 
before  the  Incorporated  Association  of  Municipal  and  County  Engineers, 
1893-94,  he  remarked  that  he  had  laid  roads  varying  from  22  feet  to 
48  feet  in  width,  with  yellow  deal,  pitch,  pine,  Jarrah  and  Karri,  with 
|-inch  and  i^inch  joints,  regulated  by  a  lath  of  that  thickness  and  1  inch 
wide  laid  on  edge  in  the  bottom  of  the  joint  and  left  there,  the  cross  joints 
being  left  open  the  same  width,  but  without  the  lath.  The  channel  joints 
liave  been  made  from  J  of  an  inch  to  1^  inch,  and  the  whole  of  these  filled 
with  a  hot  compound  of  pitch  and  creosote  oil,  proportioned  suitably  to 
obtain  a  freely  ductile  mixture  at  a  temperature  of  about  60**,  the  proportions 
being  usually  1  cwt.  of  pitch  to  1^  to  2  gallons  of  oil,  some  variation  being 
necessary  to  meet  the  differences  in  quality  of  the  pitch.  This  compound  is 
poured  over  the  paving  out  of  a  bucket,  and  a  rubber  squeegee  is  used  to 
push  forward  the  fluid,  so  that  as  little  as  possible  remains  on  the  surface. 
In  all  work  done  in  this  way  uo  case  occurred  of  any  pressure  being  exerted 
on  the  kerbs.  It  is  now,  however,  recognised  that  an  open  joint  greatly 
reduces  the  life  of  the  wood,  the  fibre  being  allowed  to  spread  and 
disintegration  following,  while  at  the  same  time  it  is  of  little  or  no 
advantage  in  the  way  of  providing  a  better  foothold  for  horses.  Moreover, 
joints  foster  dirt,  and  dirt  causes  danger  to  traffic,  while  it  must  have 
ii\jurious  effects  on  the  blocks  themselves. 

Nearly  every  engineer,  however,  has  his  own  method  of  effecting  this 
work :  at  Camberwell  the  practice  is  to  lay  the  blocks  closely  jointed,  and 
grouted  with  cement,  the  blocks  being  previously  dipped  in  a  mixture  of 
tar  and  pitch;  at  Hammersmith  the  borough  engineer  adopts  a  grouting 
of  pitch  and  oil;  while  at  Hampstead  the  blocks  are  laid  in  pitch  and 
creoaote  oil  to  within  }  inch  of  the  surface,  the  remaimxy^  ^<^^>^  \A\Sk% 
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filled  with  Portland  cement  grout.     Pitch  and  oil  and  prepared  tar  are  also 
adopted  for  this  purpose  in  other  London  boroughs. 

When  the  joints  are  to  be  grouted  with  Portland  cement  or  bituminous 
grout,  a  certain  space  between  the  blocks  is  imperative.  A  joint  |  inch  to 
I  inch,  according  to  the  conditions,  is  required,  for  which  provision  is 
made  by  inserting  a  wooden  lath  about  1  inch  deep  laid  on  edge  at  the 
bottom  of  the  joint  and  left  there.  These  w^ooden  strips  or  laths,  besides 
providing  for  the  necessary  width  of  joint,  maintain  the  regularity  of  the 
joints,  and  they  are  in  some  instances  placed  at  the  top  of  the  blocks  and 
removed  when  the  joints  are  filled.  The  cross  joints  are  likewise  left  open, 
but  without  the  lath. 

The  bituminous  grout,  composed  of  pitch  and  creosote  oil  in  a  proportion 
of  1  cwt.  of  pitch  to  H  to  2  gallons  of  oil,  according  to  the  quality  of  the 
pitchj  is  then  poured  over  the  pavement  by  means  of  a  bucket,  the  joints 
being  filled  by  brushing  the  fluid  into  them  or  by  using  a  rubber  squeegee, 
which  pushes  tlie  liquid  over  the  surface,  fills  the  joints,  and  leaves  as  little 
of  the  grouting  mixture  on  the  surface  of  the  carriageway  as  possible. 

The  composite  joint,  such  as  is  used  at  Hampstead,  is  formed  by  pouring 
the  bituminous  composition  into  the  joints  so  as  to  fill  the  lower  portion  of 
them  to  a  depth  of  2  inches ;  the  remaining  or  upper  portions  of  the  joints 
are  then  grouted  with  Portland  cement  mortar,  composed  of  1  of  cement 
to  3  of  clean,  sharp  sand. 

The  close  joints  of  a  wood  pavement  grouted  with  pitch  are  of  an  elastic 
nature,  which  admits  of  tlieir  yielding  to  the  expansion  of  tho  wooil,  thus 
preventing:;  lateral  pressure  being  transmitted  to  the  channels  or  kerbs,  and 
ensuring  that  the  arrises  of  the  blocks  do  not  become  worn  and  roundeil. 
This  latter  defect,  inseparable  from  a  pavement  laid  with  wide  joints, 
j)ro(luccs  a  corrugated  or  corduroy  surface,  making  the  pavement  noisy  and 
dirty,  and  reducing  its  life  considerably. 

Portland  cement  grout  requires  at  least  J  inch  space  between  the  rows 
to  form  a  joint,  and,  being  of  a  rigid  nature,  is  not  capable  of  yielding  to 
local  expansion  of  the  wood  blocks ;  hence  under  certain  circumstances  the 
pressure  is  transmitted  to  the  channels,  and  may  displace  the  kerljstones 
in  the  maimer  mentioned.  The  vibration  created  by  heavy  wheel  traffic 
at  times  loosens  the  blocks  of  a  wood  pavement  which  has  been  jointed 
with  cement  gruut,  thus  destroying  its  imperviousness. 

There  is  one  distinct  property  which  cliaracterizes  a  pavement  grouted 
with  cement,  and  tliat  is,  it  can  be  executed  in  any  weather,  except  during 
frost,  which  is  an  advantage  towards  facilitating  the  progress  of  the  work  ; 
on  the  other  hand,  it  requires  at  least  six  days  to  properly  set,  which  is  a 
great  disadvantage  in  most  cases. 

Cement  grouting  makes  a  wood  pavement  much  more  noisy  than  one 
formed  with  a  pitch  composition  which  is  of  a  slightly  elastic  nature.     The 
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arrises  of  the  blocks,  especially  in  wide-jointed  pavements,  becoming  worn 
or  rounded,  the  cement  filling  is  exposed,  which  soon  becomes  disintegrated 
by  the  action  of  the  horses'  feet. 

When  pitch  grout  is  adopted  as  the  material  for  forming  the  joints,  the 
blocks  can  be  laid  practically  close  or  with  a  space  not  exceeding  yu  ^^^^ 
in  width,  which,  besides  making  an  impervious  and  more  durable  pavement, 
prevents  the  spreading  of  the  fibre  of  the  wood,  and  admits  of  a  smooth 
surface  being  retained;  while  the  facility  for  cleansing  the  pavement  is 
greatly  increased. 

The  bituminous  composition,  being  of  a  slightly  elastic  nature,  absorbs 
and  equalizes  the  expansion  of  the  blocks ;  it  also  acts  as  a  preservative 
to  the  wood.  One  disadvantage,  of  which  mention  has  been  abeady  made, 
is  that  the  joints  must  be  made  only  when  the  wood  is  thoroughly  dry,  wet 
weather  being  detrimental  to  its  use.  Under  these  circumstances  it  is 
usual  to  cover  over  the  pavement  with  tarpaulins.  As  the  bituminous 
grout  hardens  almost  immediately  after  the  joints  are  filled,  traffic  may  be 
allowed  to  pass  over  the  pavement  on  the  completion  of  the  work.  Special 
travelling  boilers  are  generally  employed  for  preparing  the  pitch  and  creosote 
oil  com{)osition  ;  the  mixture,  when  of  a  proper  consistency  and  in  a  boiling 
state,  is  drawn  off  in  suitable  buckets,  or  into  wheeled  carriers  transported 
to  the  pavement  under  construction,  and  poured  into  the  joints.  As 
volatilization  takes  place  in  pitch  joints,  and  consequently  disintegration 
in  hot,  dry  weather,  the  filling  to  prevent  this  defect  is  generally  made  of 
pitch  in  the  lower  part  of  the  joint,  and  finished  with  Portland  cement  grout. 

The  merits  and  demerits  of  close  and  wide  joints,  from  a  maintenance 
and  sanitary  point  of  view,  and  as  affording  a  good  foothold  for  horses, 
was  investigated  many  years  ago,  and  the  conclusions  then  arrived  at  arc 
the  principles  governing  the  present  methods  of  paving  work. 

415.  Wear  of  Wood-Paving. — With  the  large  experience  which  has 
now  been  obtained  with  wood-paving,  it  should  not  be  difficult  to  arrive, 
at  any  rate,  at  an  approximate  figure  in  regard  to  the  life  of  a  carriageway. 
There  are,  however,  so  many  influencing  factors  in  the  matter,  that  no 
definite  calculation  could  be  made  to  provide  a  certain  answer,  were  it 
possible  to  obtain  exactly  identical  conditions  in  connection  with  every 
description  of  wood  used — that  is  to  say,  if  one  could  rely  on  the  founda- 
tion of  the  roadway  being  as  efficiently  composed  and  laid,  the  surface 
material  in  equally  good  condition,  the  climatic  influences  the  same,  and 
the  traffic,  both  in  extent,  kind,  and  weight,  precisely  similar,  then  some 
finality  might  be  reached  on  the  subject.  In  every  town  where  wood- 
paving  is  laid  there  exist  considerable  differences  in  practising  all  of  these 
items.  Under  these  varying  circumstances,  therefore,  comparative  figures 
may  be  accepted  on  this  point,  and,  if  looked  at  in  the  light  of  local 
requirements,  an  approximately  reliable  conclusion  can  be  reacK^. 
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The  Table  given  on  page  375,  in  which  the  various  qualities  of  paying 
materials  are  dealt  with,  may  be  taken  as  a  general  basis  for  ascertaining 
this  point,  which,  however,  will  be  modified  by  individual  experiences.  The 
divergences  found  in  such  instances  are  illustrated  in  the  following  Tables 
(LI.,  LI  I.,  and  LIII.),  which  have  been  compiled  from  official  figures: — 


Table  LI. 

Hardwoods. 

Years. 

FaOVINOIAL— 

Years. 

London— 

Birmingham, 

15 

Bennondsey, 

10 

Edinburgh, . 

16 

(/amberwell, 

10 

Glasgow,      .        .         .         . 

7 

Hammenmiitli,     . 

11 

Hudderafield, 

15 

Hoi  born, 

.     8-10 

Hull 

12 

Paddington, 

9 

Plymouth,  .        .         .         . 

18 

St.  Pancras, 

.      7-8 

South  Shields,      . 

.  15-18 

Shoreditch, 

8 

Wolverhampton,  . 

10 

The  actual  wear  which  has  taken  place  in  the  West  Australian 
hardwoods  in  London  and  certain  provincial  towns  is  shown  in  the  follow- 
ing figures,  which  have  been  collected  from  various  authoritative  reports : — 


Years    Wear  in 


Table  Lll. 

Years 

Wear  in 

London — 

laid. 

inches. 

Provincial  - 

Cambcrwell, 

5 

i 

Bristol, 

Hammersmith,  . 

9 

H 

Cardiff,      . 

Ilanipstottd, 

7 

i 

Harrogate, 

Lambeth,  . 

lOi 

n 

Hastings,  . 

Southwark, 

7 

1 

Hull, 

Phovincial— 

Leicester,  . 

Batley,       . 

6 

ttV 

Liverpool, 

Birmiiighani, 

.         2i 

^ 

Sheffield,  . 

6 

i 

4 

Vi 

6 

i 

6 

i 

6 

i 

9 

i 

5J 

a 

8 

h 

The  tostiniony  of  the  Viagraph,  as  a  result  of  tests  carried  out  by  the 
autlior  in  diirereiit  London  streets,  may  be  introduced  here.  More  detailed 
information,  however,  is  given  on  this  particular  subject  in  Chapter  XVIL 
The  instiinces  selected  are  those  which  give  the  nearest  approach  to 
identical  conditions. 

Tablb  LIII. 


Karri  and  Jarrah. 

St.    John's    Road,   Battersea, 

laid  1897,   .... 

Blackfriars  Road,  laid  1899,   . 

Creosoted  Deal. 
Battersea  Park  Road,  laid  1895, 
Kennington  Park  Road,   laid 
1898,  


Index  of  unevenness 
in  feet  i)er  mile. 

Slider.             Wheel. 
(K.)ll-6              210 
(J.)    8-0              17-0 
15-8              19-7 

Traffic. 

Heavy  and  con- 
tin  uou.s. 
Do. 

58-1              63-8 

Do. 

42  0              56-7 

Do. 
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416.  The  undue  wear  of  wood  pavements  is  due  to  various  causes,  the 
majority  of  which  may  be  averted  by  proper  and  efficient  methods  being 
adopted.  In  many  cases  the  abnormal  wear  of  the  surface  paving  is  attribut- 
able to  the  foundation,  either  by  inferior  materials  being  used,  or  by  not 
allowing  the  concrete  to  get  thoroughly  set  before  the  blocks  are  laid  upon  it. 

Numerous  instances  of  the  latter  defect  have  occurred  in  London,  and  it 
has  been  observed  when  the  blocks  have  been  removed  that  the  concrete 
has  been  squeezed  up  the  joints  by  the  pressure  of  the  traffic,  consequently 
the  blocks  have  sunk  considerably  below  the  original  line,  and,  being 
subjected  to  unusual  wear,  have  soon  become  unfit  to  remain,  owing  to 
their  having  become  dangerous  to  traffic.  Great  stress  has  been  laid,  in  a 
previous  section  of  this  chapter,  on  the  importance  of  foundations,  and  in 
many  cases  it  is  the  deciding  factor  in  the  life  of  a  roadway.  The  materials 
employed  must  be  of  the  best,  and  the  method  of  laying,  and  the  time 
allowed  for  thorough  consolidation  and  setting,  have  so  essential  a  bearing 
on  the  life  of  the  surface  paving,  that  too  much  care  and  consideration 
cannot  be  given  to  the  matter. 

The  wear  of  the  paving  is  also  dependent  on  an  efficient  selection  of  the 
wood.  The  City  Elngineer  of  Birmingham  adopts  the  plan  of  stacking  the 
blocks  for  two  months,  so  as  to  allow  them  to  get  thoroughly  air-dried 
before  being  laid.  This  obviates  the  possibility  of  young  unseasoned  wood 
being  embodied  in  the  roadway,  and  defects  of  grain  should  also  be  looked 
out  for.  For  maintaining  an  even  surface,  such  methods  as  that  of  Dufily's 
dowelling  are  adopted.  This  gives  a  certain  rigidity  to  the  paving,  and 
checks  the  vibration  of  the  traffic,  which  frequently  produces  an  undulating 
surface  and  partly  increases  the  wear. 

The  subsequent  treatment  of  the  roadway  has  also  a  considerable  effect 
on  its  life.  In  dry  weather  a  moderate  amount  of  watering  should  be 
indulged  in,  in  order  that  the  blocks  should  not  become  too  dry,  while  in 
wet  weather  thorough  cleansing  should  be  carried  out,  and  all  horse 
droppings  and  other  detritus  removed. 

417.  In  many  boroughs  and  towns  the  wood  paving,  after  being  laid, 
is  brushed  over  with  hot  tar  and  granite  chippings,  or  broken  shell  is 
scattered  over  it.  This  forms  a  hard  protective  surface,  and  has  been 
found  to  considerably  increase  the  life  of  the  paving.  Mr.  Oxtoby,  the 
Borough  Engineer  of  CamberweU,  who  has  treated  a  considerable  area  with 
hot  tar  and  broken  shell,  states  that  the  cost  of  this  is  l'16d.  per  yard 
superficial,  and  that  not  only  is  the  surface  of  the  roadway  rendered  more 
durable,  but  that  defective  joints  are  thereby  re-grouted,  preventing  any 
quantity  of  moisture  from  percolating  to  the  foundations,  and,  at  the  same 
time,  rendering  the  whole  surface  almost  impervious  to  offensive  moistures, 
which  under  the  action  of  the  sun  render  wood  paving  objectionable  from  a 
sanitary  point  of  view. 
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Tabu 


DeacripttOQ 
of  wood. 

Test  eoit  per  iqiMre  jard. 

KAMI  OV  TOWH. 

With 
fonndaUooi. 

Withont 
foondattoni. 

Natan  of  tooDdatioo. 

LONDON— 

Battenea,    . 
Camberwell, 

CD. 

.K. 

J. 

t.   d. 

•  • 

u*o 

t.   d. 

0   0 
13   0 
12    6 

0  in.  P.  e.  concrete  and  floated, 
do.            da              da 
Oin.           do.              da 

M                     ... 

Fnlhani, 
Uammenmith,    . 

HampB^ead, 

»» 
Holborn, 

City  of  London,  . 

8t.  Marylebone,  . 
St.  Pancraa, 

CD. 
CD. 
CD. 

J. 
CD. 

J. 

J. 
CD. 

J. 
CD. 

J. 

15    0 

11  8 

12  10 
15    6 
10    8 
12  11 
14    8 
10    6 
14  11 

•  • 

14    8 

12    8 
8    8 

8*0 
12    6 

6  10| 
11    0 

do.           da              do. 
0  in.           da  1  In.       da 
7)  in.          do.  1  in.       da 
54in.             do.            da 
6  in.           do.  1  in.       da 

do.               da           do. 
Kxiiting  fonnd. :  8  in.    da 
6  in.  P.  a  concrete  1  in.  da 

do.           da              da 
4tol0lB.  dalto8in.da 
Oin.           da 

Shored  Itch. . 
Stoke  Newington, 
Wandsworth, 

J. 
CD. 
CD. 

16    0 

•  • 

11    8 

•  • 

6  0 

7  8 

do.           do. }  In.       da 
Sxiating  fonnd. 
6in.  P.  c.  concrete  1  in.  da 

City  of  Westminster, . 
Provinces— 

Bath,    .... 

Birmingham, 

Blackpool,   . 

CD. 

J.  andK. 
/  J  and  E. 
\    CD. 

J.  and  K. 

10    4 

12    6 
15    6 
IS    0 
12    U 

7    7 

•  • 

•  • 

•  • 

m  m 

do.           da      Itn.  da 

0  to  0  in.     da 

. .                   . . 

6  in.           da           *'da 

CardiiT, 

Hastings,     . 

Hull 

J. 

J. 

J.  and  K. 

16    6 
14    0 
16    0 

•  • 

78.0d.'-to.4d. 

6  to  8  in.     do. 

7  in.           da 

Newcastle,  . 

J.  and  E. 

16    6 

•  ■ 

6  to  7  in.  concrete  with  \  in. 
sand  on  surface. 

Plymouth,    . 

/      J- 
I    CD. 

10    0\ 
12    6/ 

•  • 

6  In.  concrete. 

Rainsgate,    . 

{    CD. 

14    0\ 
11    9/ 

•  • 

do.     do.  (8  to  1). 

Sheffield,      . 

J.  and  E. 

14    8 

•  • 

.  •                     •  • 

W^olverharapton, 

J. 

16    8 

•• 

do.     do.  (6  to  1). 

C  D.screofloted  deal ;  J.Bjarrah ; 

418.  In  the  latest  report  prepared  by  Mr.  W.  N.  Blair,  Borough 
Engineer  of  St.  Pancras,  dealing  with  hard  and  soft  woods  for  paying, 
and  summarizing  replies  he  received  from  various  boroughs  on  the  subject, 
he  says :  "  With  regard  to  the  benefit  of  creosotin^  a  few  of  the  answers 
received  state  definitely  that  it  does  add  to  the  life  of  the  wood,  while 
others  state  that  it  does  add  to  the  life  of  the  wood  where  light  traffic  is 
concerned,  but  under  heavy  traffic  it  is  questionable  whether  it  does 
prolong  the  life.  The  explanation  of  this  is,  that,  where  the  life  depends 
upon  the  amount  of  wear  due  to  the  traffic,  it  is  doubtful  whether 
creosoting  extends  that  life."  Comparing  hardwoods  and  softwoods,  he 
says  that  **Deal  paving  wears  more  evenly,  but  unquestionably  it  wears 
more  quickly.  It  requires  repair  at  a  much  earlier  date  than  Jarrah 
blocks,  and  having  once  commenced  to  repair,  the  extent  of  repairs  will 
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LIV. 


sue  of 
blocks. 


lochei. 

6to9x6x3 
9x5x3 

9x5x3 
9x5x3 
8x5x3 
9x5x8 
8x5x3 
9x4x8 
9x5x3 
9x5x8 
9x5x3 
Ox  8  deep 
9x4x8 


9x6x8 
8x4|x3 
8x6x8 

9x6x3 


9X4-6X3 
9x4x3 
9x6x8 
9X4^X8 


) 


9x4|x8 
9x6x8 

9x4x8 


n 


X4-6X3 
9x6x8 


9X6X8 
9x6x8 


Detcription  of  groQtlng, 
etc. 


Annual  cost  of 

maintenance  per 

iqnare  yard :  (a) 

repairs ;  (6)  deaniuig 

and  watering. 


(a) 


Close  Jointed,  pitch,  etc. 
Dipped  in  pltcn,  etc. 

Grouted  with  P.  c. 
Pitch  and  cement. 
Pitch  and  oiL 

Do. 

Do. 

Do. 

Pitch'andoil. 

Do. 
Dipped  in  pitch. 
iV    in.    slip-in     joints, 

gronted  with  hot  pitch 

and  oil. 
Pitch. 
Do. 
Dipped,  tar  and  P.    c. 

grout. 
Close,  pitch  and  uU. 


Close,  pitch. 

,,     cement  and  sand, 
same  dipped  in  pitch. 

•  •  •  • 

Close,  bitumen. 
Dipped  in  hot  asphalt^ 

close. 
Close,  dipped  In  pitch 

ana  tar. 

Close,  cement  and  sand. 

i  Close,  dipped  in  asphalt, 
then  gronted  with  thin 
cement. 
Dipped  in  pitch  and  tar, 

cement  and  sand. 
Close,  pitch  and  tar. 


lod. 

is. 

Is.  2d. 


m 


0) 


Estimated  or 
actual  life  of 
wood  paving 
under  heavy 
traffic. 


}• 


4d. 


4d.  and  2d. 


(    6-6Sd. 
(      -sod. 


9  years  down, 
extending  use. 

■  • 

16  years. 
May  1904. 
Oct.     „ 

}  July  „ 

Sept.   „ 

May    „ 

Do. 

•  • 

Extending  use 
of  Jarrah. 

1904. 
1906. 
1904. 

1904. 

16  years. 


BncARKS. 


Traffic  considerable. 
Do.  do. 


Do. 
Do. 
Do. 

Do. 


do. 
do. 
do. 

do. 


Do.  do. 

Do.  limited. 

Do.  considerable. 
Do.  do. 

Do.  do. 


Do. 

Do. 

Do. 

Do. 
Do. 


do. 

do.' 

da 

do. 
do. 


12  years. 
12  yean. 

12  years. 

18  years. 
16  years. 


} 


10  years. 


Do.    heaTlesi. 

•  •  •  • 

Heavy  traffic. 

Laid  in  main  streets. 


Do. 


do. 


K.  -Karri ;  P.  c  ■  Portland  cement 

increase  throughout  the  life  of  the  wood.''  He  instances  the  wear  of  Jarrah 
blocks  in  an  area  laid  in  St.  Pancras  in  1892,  and  upon  which  a  very  small  sum 
had  been  spent  in  repairs.  They  are  now  being  removed,  though  the  blocks 
are  not  worn  out,  but  the  surface  has  become  bumpy.  This  shows  a  wear  of 
14  years  under  heavy  traffic,  which  time  would,  he  says,  have  been  increased 
had  the  repairs  been  more  frequent.  Mr.  Blair  summarizes  this  experience 
with  both  descriptions  of  woods,  thus: — Jarrah,  easily  cleansed;  very 
durable ;  good  foothold  generally ;  becomes  noisy  by  wear  on  edges  of  blocks. 
Creosoted  deal  holds  the  dirt  and  becomes  greasy;  less  secure  foothold; 
takes  frost  readily,  therefore  slippery;  wears  evenly,  but  quickly;  more 
silent  under  traffic;  exudes  an  oily  film,  causing  slipperiness  and  an 
unpleasant  odour  for  some  time.  The  effect  of  creosoting  at  first  reduces 
porosity,  but  this  protection  diminishes. 
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419.  Expansion  and  Contraction. — ^Every  wood  pavement  is  salvfect 
more  or  less  to  expansion  and  contraction,  and,  in  order  to  obviate  anj 
injuries  to  the  roadway,  an  expansion  joint  is  usually  introduced  between 
the  wood  and  the  kerbs.  The  customary  width  of  this  joint  is  from 
1|  to  2  inches  on  each  side  of  a  60-foot  roadway,  though  in  some 
places  3  inches  is  allowed,  and  this  is  filled  up  with  either  a  hot  mixture 
of  pitch  and  creosote  oil,  sand,  or  clay. 

The  general  experience  has  been  this,  and  is  borne  out  by  scientific 
investigations,  that  softwoods  expand  considerably  more  than  hardwoods. 
In  the  nature  of  things  it  is  apparent  that  the  former  would  be  far  more 
subject  to  this  action  than  the  latter.  They  are  more  absorbent  to  hquid 
matters,  though  not  so  much  affected  by  heat  as  hardwood,  and  it  is  on 
this  point  that  greater  attention  has  to  be  paid  to  the  latter  at  that  time 
than  in  the  wet  season.  Hardwood  blocks  should  be  carefully  watered 
in  hot,  dry  weather,  in  order  to  counteract  the  tendency  to  expand  and 
contract.  If  this  is  done,  there  should  be  little  or  no  difficulty  in  main- 
taining a  high-class  roadway  in  excellent  condition  and  increasing  its  life. 
The  treatment  of  a  roadway  after  it  has  been  laid  is  a  most  important 
matter,  and  is  a  determining  factor  of  greater  moment  than  is  generally 
considered.  With  hardwoods,  it  is  more  the  variations  in  temperature 
that  have  to  be  watched  than  other  agencies,  while  softwoods  are  afifected 
more  by  general  climatic  influences,  especially  where  moisture  is  the  most 
prominent  characteristic.  The  effects  of  creosoting,  as  has  been  pointed 
out  by  several  authorities,  are  greatly  minimized  by  the  pavement  being 
su])jected  to  constant  rain  and  the  percolation  of  other  liquids  into  the  wood, 
which  makes  the  blocks  more  amenable  to  expansion.  Any  method,  there- 
fore, which  obviates  this  will  increase  the  life  and  wearing  power  of  the 
paving.  There  are  processes  wliicli  may  be  adopted  towards  this  end,  one 
of  the  most  satisfactory  at  present  being  that  known  as  powellizing,  which 
is  described  in  another  part  of  this  chapter.  The  treatment  to  which  soft- 
wood blocks  are  subjected  in  this  system  is  said  to  considerably  reduce 
their  tendency  to  expansion  and  contraction. 

420.  Cost  of  Wood  Pavements. — The  cost  of  laying  a  soft-  or  hanl- 
wood  pavement  depends  on  circumstances,  the  work  being  for  the  most 
part  carried  out  by  contract;  only  in  a  few  instances  is  the  timber 
bought  at  so  much  per  load,  cut  by  machinery  into  blocks  of  suitable  size, 
and  the  work  carried  out  by  the  local  administration.  The  price  of  yellow 
deal  cut  into  3  x  5  x  9-inch  blocks  works  out  at  about  JB7,  10s.  per  1000 
blocks,  and  for  Jarrah  and  Karri  at  about  ^11  to  JBll,  10s.  respectively, 
although  the  prices  fluctuate  considerably  at  times. 

The  cost  per  super,  yard  and  other  particulars  of  these  woods  may  be 
ascertained  from  Table  LIV.  Their  variations  in  price,  of  course,  are  due  to 
the  situation  of  the  locality  and  to  the  quantities  used.     An  estimate  is 
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given  of  the  relative  costs  of  a  hardwood  and  softwood  roadway,  over  a 
period  of  twenty-four  years,  in  Table  LV. 

The  comparative  cost  of  hard-  and  soft-wood  paving  during  their  life 
may  be  given  as  follows,  taking  the  wearing  properties  of  the  former  at 
twelve  years  and  the  latter  at  eight  years.  For  this  con^uirison,  1  mile 
of  carriageway  30  feet  wide  is  adopted. 

Table  LV. 

Hardwood.     Twelve  yeart^  life  during  twenty-four  years. 

First  cost  1760x10  yani8=17,600  square  yards  of  Jarrah 
paving  blocks,  9  inches  x  5  inches  x  8  inches,  including 
foundations,  laying  and  jointing,  at  an  average  cost  of 
15s.  6d.  per  yard, £13,640 

Contingencies,  .........  500 

Second  period  of  twelve  years — 

Lifting  old  blocks,  refloating  concrete  foundation,  supplying 
and  laying  new  blocks,  9  inches  x  5  inches  x  8  inches, 
jointing,  etc.,  at  12s.  6d.  per  square  yard,      .        .        .       £11,000 

Contingencies, 800 

11,800 

Repayment  and  interest  on  foundations  and  paving —  £25,940 

Foundations.    Twenty-four  years  at  3}  per  cent ,      .        .    £1,840*78 
Paving.     1st  period  of  twelve  years,  ....      2,803*13 

Do.        2nd        „  „  ....      2,881'25 

7,025-11 


£14,140 


Total  repayment  of  principal  and  interest, £32,965*11 

which  sum  represents  an  average  annual  cost  of  Is.  6'72d.  per  square  yard 
for  twenty-four  years. 

Softwood.    EifjJit  year^  life  during  twenty-four  years. 

First  cost  1760x10  =  17,600  square  yards  creosoted  deal,  9 
inches  X  5  inches  x  3  inches,  unlavmg  foundations,  laying 
and  jointing,  at  an  average  cost  of  12^,     ....       £10,560 

Contingencies, 350 


Cost  of  relaying,  succeeding  eight  years,  lifting,  re- 
floating, providing  and  laying  blocks,  jointing, 
etc.,  at  an  average  price  of  9s.  per  square  yard,     .    £7,920 

Contingencies, 530 

8,450 

Kezt  eight  years, 8,450 


-     £10,910 


Repayment  of  principal  and  interest  on  foundations,  twenty 

four  years*  life, 

Paving.     1st  period  of  eight  years. 


17,900 


Do.        2nd        ,,  ,, 

Do.        8rd 


»i  »» 


£1,340-73 
1,895-64 
1,425-94 
1,425-94 


5^58^-15 
Total  repayment  of  principal  and  interest, £33,898 '15 

which  sum  represents  an  average  annual  cost  for  repayment  and  interest, 
but  exclusive  of  repairs,  of  Is.  6-98d.  per  squaio  yard  for  tvi^u\.^-\o\xx  ^^v«j^ 
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To  this  sum  has  to  be  added  the  average  cost  for  repairs  on  this  description 
of  wood  according  to  that  of  the  initial  cost,  and,  for  the  case  under  review, 
8d.  per  square  yard  per  annum  would  be  a  fair  figure,  so  that  the  total 
annual  cost  would  be  2s.  2'98d.  per  square  yard  during  the  twenty-four  years. 

Repairs  on  softwood  paving  are  generaUy  carried  out  under  a  mainten- 
ance clause  in  the  contract,  and  obtained  in  many  cases,  while  for  the 
hardwood  paving  it  does  not  usually  exist.  One  instance,  however,  may 
be  noticed  where  a  contract  price  for  maintenance  is  enforced,  that  being 
in  the  City  of  Westminster.  The  initial  cost  of  this  paving  was  at  a 
comparatively  low  figure. 

The  London  County  Council  grant  a  loan  on  hard-  and  soft-wood  pavings 
for  ten  and  five  years  respectively,  according  to  the  cost  per  annum  during 
their  life  service,  and  imder  these  conditions  the  annual  cost  would  be 
Is.  10 '5 Id.  as  against  2s.  2 •2d.  for  softwood  per  square  yard. 

In  Camberwell,  London,  the  figures  for  paving  1000  square  yards  with 
hardwood  and  crcosotcd  deal,  including  repayment  and  interest^  and  allowing 
ten  years*  life  for  the  former  description  of  wood  and  five  years'  for  the 
latter,  is  given  at  Is.  9'7d.  and  28.  2-7d.  average  cost  per  square  yard. 

421.  Preservation  of  Wood  for  Paving. — ^In  addition  to  the  process 
of  creosoting,  the  chief  preservative  method  used  for  paving  blocks  at  the 
present  time,  there  are  a  number  of  others  which  have  been  adopted  on  a 
small  scale.  In  several  instances  these  appear  to  have  answered  the  purpose 
well,  thougli  they  have  not  made  much  progress  in  being  adopted  for 
paving  work.  Among  these  are  the  Haskinizing  process  and  the  Jodelite, 
both  of  which  liavo  been  used  for  the  treatment  of  paving  wood.  The 
most  recent  introduction  in  this  direction  is  the  process  known  as  the 
Powell,  wliicli  appears  to  offer  considerable  advantages. 

Powellized  Wood  Blocks. — This  process  is  one  which  possesses  many 
advantages  for  the  treatment  of  all  kinds  of  wood  for  paving  purposes, 
especially  softwoods.  It  consists  in  thoroughly  impregnating  the  blocks 
with  saccharine  matter  to  which  is  added  a  strong  antiseptic. 

One  great  difficulty  with  wood  paving  is  said  to  be  remedied  by  this 
process,  namely,  tlie  uneven  wear  which  arises  from  imperfect  selection  or 
irregular  seasoning,  as  the  wood  absorbs  exactly  the  quantity  of  saccharine 
matter  it  requires,  and  is  consequently  made  thoroughly  homogeneous. 
The  condition  as  to  seasoning  before  treatment  is  also  immaterial,  as  newly 
felled  or  partially  seasoned  timber  yields  itself  readily  to  the  process,  and, 
in  fact,  the  newer  the  wood  the  better  the  final  result. 

The  treatment  consists  in  immersing  the  blocks  in  a  cold  antiseptic 
saccharine  solution  in  open  tanks,  tlio  temperature  being  gradually  raised 
to  boiling  point  and  maintained  at  this  heat  for  a  short  period.  The  air 
and  moisture  during  the  boiling  escape  in  the  form  of  a  series  of  bubbles 
aud  of  steam  respectively,  and  in  the  subsequent  cooling  of  the  solution. 
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wliich  occupies  some  hours,  the  wood  ahsorbs  the  saccharine  matter  and  is 
thoroughly  permeated  with  it.  The  blocks  are  then  removed  and  placed  in 
a  drying  chamber  for  a  few  hours,  after  which  they  are  ready  for  immediate 
use.  The  application  of  pressure  and  vacuum,  which  weakens  the  fibres  of 
the  wood,  and  which  is  inseparable  from  the  creosoting  method  of  treats 
ment,  is  not  employed  in  this  process. 

It  is  claimed  that  powellized  wood  paving  blocks  are  thoroughly 
seasoned,  that  there  is  less  absorption  of  liquid  sewage,  that  contraction  and 
expansion  are  minimized,  and  that  the  blocks  are  tougher  and  made  more 
durable.  Moreover,  there  is  no  offensive  smell  given  off  or  exudation, 
consequently  no  deleterious  effects  are  produced  upon  plants,  horses,  or 
human  beings,  while  the  slipperiness  of  the  wood  is  reduced  to  a  minimum. 
In  addition,  paving  blocks  treated  by  this  process  are  incapable  of  support- 
ing fungoid  growth,  so  that  they  are  not  subject  to  decay  or  dry  rot.  Some 
woods  which  cannot  readily  be  impregnated  with  creosote,  and,  if  used  in 
their  natural  state,  rot  from  the  underside,  can  be  used  for  paving  purposes 
with  advantage,  when  poweUized.  A  notable  instance  in  this  respect  is 
spruce,  which,  from  the  length  and  silkiness  of  its  fibre,  forms  an  ideal 
paving;  but,  on  account  of  the  formation  of  its  cells,  it  can  only  be 
creosoted  under  such  pressure  as  to  materially  damage  the  wood  and  render 
the  cost  prohibitive. 

The  cost  of  powellizing  is  about  the  same  as  that  of  creosoting. 
PoweUized  paving  blocks  have  been  undergoing  trial  in  London  and  else- 
where for  between  two  and  three  years,  the  first  section  having  been  laid  in 
Westminster,  Kensington,  Islington,  Willesden,  Hull,  and  Birmingham. 


CHAPTER    XIL 

ASPHALT  PAVEMENTS. 

422.  Rock  Asphalt. — Asphalt  pavements  for  carriageways  were  intro- 
duced into  London  in  1869,  having  heen  used  in  Paris  as  early  as  1854, 
where  their  application  hecame  general  in  1867. 

The  principal  sources  of  supply  of^  hitiimir^miH  nr  itfphaltic  rock>  which 
is  a  natural  calcareous  stone  impregnated  with  hiti^pien  or  mineral  pitchy  of 
a  liver  brown  colour,  are  Val  de  Travers,  in  Switzerland;  Seysael'and 
Lovagny  (Haute-Savoie),  in  France;  Limmer,  in  Hanover;  and  also  some 
Sicilian  mines.  The  Fitch  Lake  in  Trinidad  supplies  the  bitumen  from 
which  the  best  artificial  asphalts  are  made. 

The  asphalt  chiefly  used  for  carriageway  pavements  in  Europe  is 
principally  obtained  from  the  first  three  localities.  Compressed  Trinidad 
asphalt  pavements,  although  more  or  less  a  failure  when  first  introduced 
into  this  country,  have  been  laid  in  London  and  other  towns  to  some 
extent.  That  they  are  well  suited  for  withstanding  ordinary  wheel  tragic 
and  the  climate  ajipears  to  have  been  in  a  measure  determined. 

In  Canada  and  the  United  States,  Trinidad  is  practically  the  only 
asphalt  employed  in  the  i)rincipal  cities  and  towns,  over  40  million  square 
yards  liaving  been  laid,  the  length  of  carriageways  so  paved  approximating 
3000  miles. 

The  reason  assigned  for  the  early  failure  of  Trinidad  asphalt  is  that 
compressed  rock  asphalt  is  only  made  perfect  as  a  pavement  by  continuous 
heavy  traffic,  and  in  the  cases  of  failure  experienced  the  thoroughfares  were 
wide,  with  comparatively  light  traffic.  In  the  case  of  compressed  Trinidad 
asplialt  the  proper  proportion  to  suit  all  conditions  of  traffic  and  climate 
were  not  so  well  understood  as  in  the  more  recent  examples  of  these 
pavements. 

The  rock  when  quarried  is  of  a  chocolate  colour,  fine  in  grain,  thoroughly 

and  evenly  impregnated  with  bitumen,  varying  from  6  per  cent,  of  bitumen 

and  94  per  cent,  of  pure  limestone  to  from  14  per  cent,  of  bitumen  to  86 

per  cent,  of  limestone. 

399 
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The  pieces  of  rock,  weighing  from  a  quarter  to  half  a  cwt.  each,  are  put 
into  an  asphalt  crasher,  where  they  are  broken  to  the  size  of  walnuts ;  after 
passing  through  the  crusher  the  asphalt  is  carried  up  by  elevators  to  the 
disintegrator,  which  runs  at  a  speed  of  1800  revolutions  to  the  minute,  and 
is  ground  to  a  very  fine  powder.  It  is  then  boiled  in  speciaUy  made 
cauldrons,  worked  by  agitators,  with  a  certain  proportion  of  bitumen  (as 
flux),  and  when  heated  to  a  temperature  of  about  400''  Fahr.,  a  proportion 
of  10  per  cent,  to  20  per  cent  of  fine  grit  is  added  to  make  mttedmastiC| 
and  thoroughly  incorporated  with  the  asphalt  by  the  rotary  working  of  the 
agitators.  It  is  then  turned  out  into  iron  moulds  and  made  into  blocks, 
weighing  half  a  cwt.  each. 

These  blocks  are  then  broken  up  into  pieces,  put  into  small  cauldrons 
with  just  sufficient  bitumen  (as  flux),  and  when  properly  heated  the  mastic 
asphalt  is  spread  over  the  concrete  surface  and  rubbed  with  fine  sand  by 
means  of  hand  floats. 

The  ungritted  mastic  asphalt,  supplied  by  the  Limmer  Asphalt  Company, 
is  composed  of  not  less  than  15  per  cent,  of  bitumen  and  85  per  cent  of 
fine  rock  asphalt  powder.  The  gritted  mastic  asphalt  is  composed  of  not 
less  than  15  per  cent,  of  bitumen  and  75  per  cent,  of  fine  rock  asphalt 
powder,  with  an  addition  of  10  per  cent  of  fine  specially  prepared  grit. 
Uritted  mastic  asphalt,  however,  for  flooring,  etc.,  is  composed  of  not  less 
than  15  per  cent,  of  bitumen  and  65  per  cent  of  fine  rock  asphalt  powder, 
with  an  addition  of  20  per  cent  of  fine  grit 

In  the  case  of  Trinidad  asphalt,  jbhe  crude  bitumen  obtained  from  \m 
pitch  lake  is  refined  so  as  to  eliminate  the  water  and  vegetable  matter  con- 
tained in  it.  This  refined  bitumen,  which  becomes  hard  when  cool,  is  con- 
verted into  ''asphaltic  cement,"  by  adding  a  small  quantity  of  residuum  oil 
of  petroleum,  which  gives  the  mixture  a  certain  amount  of  plasticity.  This, 
in  combination  with  sand  and  powdered  limestone,  forms  the  asphaltic 
composition.  The  bitumen  cements  the  other  ingredients  when  mixed  hot, 
the  proportions  being  regulated  according  to  the  quality  of  the  *'  asphaltic 
cement ''  and  the  character  of  the  sand ;  if  this  is  of  a  suitable  nature,  the 
limestone  dust  is  dispensed  with  altogether.  The  climate  of  the  particular 
locality  in  which  the  pavement  is  to  be  laid  has  also  a  considerable  influence 
on  the  relative  proportions  of  the  ingredients  in  the  mixture. 

Generally  the  proportions  may  be  taken  as  follows : — 

Asphaltic  cement, 14  to  17  per  cent 

Sand, 81  to  68      ,, 

Stone  dost, 5  to  15      ,, 


100    100 


II 


Compressed  asphalt  has  been  the  name  generally  applied  to  bituminous 
limestone  rocks  which  are  reduced  to  a  powder,  then  laid  on  the  couct^^^ 
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foundation,  and  rammed  with  hot  punners  or  tampers  and  further  odd- 
solidatcd  with  a  light  roller,  the  surface  being  completed  by  using  special, 
hot^  curved  tampers  to  give  a  fine  finish.  Trinidad  asphalt  is  treated  bj 
being  compressed  first  with  light  rollers,  and  subsequently  with  heavier 
ones.  Specifications  now  generally  state  that  the  work  is  to  be  of  standard 
(rock)  asphalt  or  Trinidad  asphalt,  as  a  means  of  distinguishing  these 
different  materials,  both  of  which  are  compressed  pavements. 

423.  The  method  of  carrying  on  the  operations  of  laying  rock  asphalt  is 
to  heat  the  powder  in  revolving  cylinders  to  a  temperature  of  £rom  250'  to 
300**  Fahr.,  according  to  the  state  of  the  weather,  in  order  to  evaporate  the 
superfiuous  moisture,  care  being  exercised  to  keep  the  particles  as  free  as 
possible,  so  that  they  will  remain  separate  without  being  calcined.  This 
process  of  heating  occupies  from  three  to  five  hours,  and  if  the  overheating 
of  the  bitumen  is  allowed  it  becomes  fused,  while  underheating  prevents 
the  asphalt  from  binding  properly.  Asphaltic  rock  containing  from  9  to 
10  per  cent,  of  bitumen  is  that  most  suitable  in  all  circumstances.  The 
powder  thus  heated  is  conveyed  to  the  carriageway  where  the  asphalt 
pavement  is  to  be  formed,  in  iron-lined  carts,  covered  with  hemp  cloths,  in 
order  that  it  may  not  lose  more  than  20''  of  heat  during  transit  and  may 
retain  its  property  of  adhering  under  compression. 

As  the  surface  of  the  concrete  foundation  must  be  perfectly  dry  when 
the  asphaltic  powder  is  spread  upon  it,  the  work  can  only  be  accomplished 
during  suitable  weather.  Dry  weather  is  absolutely  essential,  as  the  best 
asphalt  laid  upon  damp  concrete  draws  up  the  moisture,  which  is  converted 
into  steam  by  the  heated  powder ;  the  steam  escapes  through  the  asphalt,  and 
fissures  appear  when  the  surface  begins  to  wear.  When  the  ingredients  are 
mixed  in  improper  proportions,  the  pavement  has  a  tendency  to  creep  and  its 
surface  becomes  wavy.  Neglect  of  these  matters  led  to  failure  in  many  of  the 
earlier  attempts  to  construct  a  satisfactory  street  covering  with  this  material. 

424.  Spreading  the  Asphalt  Powder. — The  heated  powder  is  spread 
to  a  depth  of  about  3  inches  for  a  2-inch  and  2  inches  for  1^-inch  finished 
depth  of  pavement  upon  the  concrete  foundation,  and  raked  so  as  to  present 
a  layer  of  regular  deptli  and  uniform  surface.  The  powder  is  then  rammed 
with  iron  disc-shaped  punners,  weighing  about  10  lbs.,  heated  to  prevent 
the  adhesion  of  tlie  powder.  The  punning  or  tamping  should  be  performed 
lightly  at  first  to  ensure  an  equal  thickness  of  the  material,  and  the  force 
of  the  blows  subsequently  increased  until  the  whole  is  partially  solidified. 
The  pavement  is  further  consolidated  with  a  hand  roller  weighing  about 
half  a  ton,  the  process  being  repeated  so  as  to  compress  the  asphalt  to  the 
required  tliickncss  of  2  inches,  and  finished  with  suitable  curved  hot  iron 
tools  until  it  is  quite  cool. 

A  lij^ht  sprinkling  of  cement  is  generally  thrown  over  the  finished 
surface,  a  few  hours  after  which  the  pavement  is  ready  for  trafi[ic. 
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Yal  do  Travors  asphalt  has  a  tendency  to  crack  under  hot  sunshine ;  and 
in  order  to  ohtain  more  reliable  results  it  is  blended  with  other  rocks,  such 
as  Seyssel  and  Servas.  The  operation  of  mixing  is  accomplished  previous 
to  grinding. 

In  the  case  of  asphalt  pavements  laid  with  bituminous  limestone 
powder,  as  described  above,  the  ultimate  consolidation  does  not  take 
place  till  some  considerable  time  after  the  thoroughfare  has  been  opened 
to  traffic.  It  is  not  until  then  that  the  actual  wear  of  the  pavement 
commences. 

425.  Trinidad  Asphalt.— This  asphalt  is  generally  laid  on  a  Portland 
cement  concrete  foundation  similar  to  that  for  other  kinds  of  carriageway 
pavements,  and  upon  this  a  bituminous  concrete  course  may  be  advan- 
tageously introduced,  the  wearing  surface  being  united  to  it  in  one  mass, 
preventing,  or  at  all  events  minimizing,  the  tendency  to  form  a  wavy 
surface  and  cracking. 

In  addition  to  concrete  foundations,  existing  pitched  and  cobblestone 
pavements  and  also  macadam  roads  may  be  used  for  carrying  the  asphaltic 
wearing  surface.  This  is  accomplished  by  first  cleaning  out  all  earth  and 
soft  material  from  the  joints ;  the  surface  is  then  brushed  and  watered  to 
receive  a  grouting  of  cement  or  hydraulic  mortar,  and  so  fill  up  the  depres- 
sions, and  on  this  the  binder  course  is  spread.  This  method  has  been 
extensively  adopted  in  the  City  of  Liverpool  and  elsewhere,  while  in  the 
United  States  it  is  generally  adopted. 

The  manufacture  of  bitumen  requires  very  careful  manipulation  to 
ensure  a  satisfactory  and  durable  carriageway  pavement.  It  id  found  in  a 
crude  state  in  the  Island  of  Trinidad,  B.W.I.,  and  in  South  America,  the 
Pitch  Lake  in  Trinidad  being  the  best  source  and  at  the  same  time  furnish- 
ing the  most  valuable  kind.  The  hard  or  compact  bitumens  are  the  most 
useful  varieties,  but  they  require  to  be  purified  or  refined  in  order  to  free 
them  from  foreign  matter.  Refined  bitumen  is  hard  and  brittle,  and  con- 
sequently requires  the  addition  of  a  residuum  oil  as  a  flux.  The  proportion 
of  the  flux  varies  from  10  to  12  lbs.  of  oil  to  100  lbs.  of  refined  bitumen, 
according  to  the  quality  of  the  flux,  hardness  of  the  bitumen,  and  the 
purpose  to  which  and  the  locality  where  the  (asphalt  is  to  be  applied.  The 
bitumen  is  melted  and  raised  to  a  temperature  of  300**  Fahr.  before  the  oil, 
previously  heated,  is  added  to  the  mixture,  and  it  is  then  agitated  by 
mechanical  means  or  by  a  blast  of  air  until  it  has  acquired  the  desired 
properties. 

When  in  this  particular  condition,  it  forms  the  matrix  of  the  asphalt, 
the  aggregate  being  composed  of  clean  sharp  sand  and  stone  or  limestone 
dust.  The  proportion  of  these  ingredients  for  carriageway  pavements 
varies,  according  to  tlie  character  of  the  aggregate,  amount  and  nature  of 
the  traffic,  and  the  climate  of  the  locality  where  it  is  to  be  used. 
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As  the  success  of  this  particular  kind  of  pavement  depends  upon  tbe 
care  and  judgment  iexercised  in  selecting  and  combining  the  materials,  and 
on  the  laying  of  the  pavement,  skilled  labour  and  special  machineij  onlj 
are  employed. 

The  ingredients,  previously  heated,  after  being  measured  according  to 
the  circumstances  just  mentioned,  are  thoroughly  incorporated  in  a  miier, 
when  the  composition  is  ready  for  use.  It  is  conveyed  in  speciaUy  con- 
structed and  equipped  carts  to  the  street  where  the  asphalt  is  to  be  laid, 
and  there  spread  with  iron  rakes  to  a  depth  which  will  give  the  desired 
ultimate  thickness,  varying  from  1^  inches  to  2  inches  when  compressed 
by  means  of  a  steam-roller  weighing  7  tons,  which  is  equal  to  a  compresdve 
force  of  170  lbs,  per  inch  of  width. 

To  obviate  creeping,  and  consequent  cracking  when  laid  on  a  Portland 
cement  concrete  foundation,  it  is  advisable  in  streets  where  the  traffic  is 
considerable  to  spread  a  cushion  layer  of  bituminous  concrete,  or  "  binder," 
as  it  is  termed,  between  the  foundation  and  the  asphalt  forming  the  wearing 
surface.  This  binder  course  is  purposely  made  more  plastic  or  cementitious 
than  the  upper  or  wearing  layer  of  asphalt,  so  as  to  combine  the  whole  in 
a  homogeneous  mass. 

In  this  country  the  composition  of  the  wearing  surface  of  compressed 
Trinidad  asphalt  is  approximately  as  follows : — 

Asphal  tic  cemeut,  from 12  to  15  percent. 

Sand,  from 88  to  70        „ 

Pulverized  carbonate  of  lime,  from     .        .        .  5  to  15        ,, 

100    100 

In  order  to  make  the  pavement  homogeneous,  the  proportion  of  asphaltic 
cement  may  be  varied  according  to  the  quality  and  character  of  the  sand. 
The  carbonate  of  lime  may  be  reduced,  or  entirely  omitted,  when  suitiible 
sand  can  be  obtained. 

For  first-class  carriageways  the  pavement  is  generally  laid  to  a  total 
thickness  of  2  J  inches,  composed  of — 

Binder 1    inch. 

Asphalt  surface, li     »> 

Total,     ...        2}  inches. 

Binder  Course. — The  binder  course  consists  of  a  fine  bituminous  concrete 
composed  of  clean  broken  stone,  slag,  or  gravel,  in  pieces  not  exceeding 
IJ  inches  in  their  largest  dimensions,  thoroughly  screened,  and  asphaltic 
cement  made  from  Trinidad  bitumen.  The  stone,  slag,  or  gravel  must  be 
heated  by  being  passed  through  revolving  heaters,  and  thoroughly  mixed  by 
machinery  with  the  asphaltic  cement,  in  the  proportion  of  about  15  gallons 
of  the  latter  to  1  cubic  yard  of  stone,  slag,  or  gravel.  The  material  thus 
treated  is  then  conveyed  to  the  work,  and  spread  on  the  foundation  with 
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hot  iron  rakes,  and  immediately  rammed  and  compressed  with  steam  rollers, 
while  the  mixture  is  in  a  hot  and  plastic  condition,  until  it  has  a  thickness 
of  1  inch.  The  top  surface  of  the  binder  course  should  be  made  exactly 
parallel  with  the  surface  of  the  pavement  when  finished. 

Wearing  Surface. — Upon  the  binder  course  the  wearing  surface  or 
asphalt  pavement  is  laid,  the  composition  of  which  varies  in  the  proportions 
stated  at  p.  396,  the  density  of  the  pavement  being  determined  as  that  best 
adapted  to  the  climate  and  traffic.  Damp  subsoils  and  localities  having  a 
high  percentage  of  rainfall  require  a  pavement  to  cope  with  these  conditions, 
composed  of  a  greater  average  quantity  of  bitumen,  which,  when  in  com- 
paratively greater  proportion  to  the  aggregate,  reduces  the  life  of  the  pave- 
ment under  heavy  traffic. 

The  sand  and  asphaltic  cement  are  heated  separately  to  about  300''  Fahr. 
The  pulverised  carbonate  of  lime,  while  cold,  is  mixed  with  the  hot  sand  in 
the  requisite  quantities,  and  is  then  incorporated  with  the  asphaltic  cement 
at  the  required  temperature  and  in  the  proper  proportions,  in  a  suitable 
apparatus  which  will  effect  a  perfect  mixture. 

"  The  pavement  mixture,  prepared  in  the  manner  described,  is  then  laid 
upon  the  binder  course  in  one  coat ;  it  should  be  brought  to  the  ground  in 
carts  or  wagons,  at  a  temperature  of  about  250*  Fahr.,  and  carefully  spread 
by  means  of  hot  iron  rakes.  This  must  be  carried  out  in  such  a  manner  as 
to  give  a  uniform  and  regular  surface,  and  to  such  a  depth  that,  after  having 
received  its  ultimate  compression,  it  will  have  a  thickness  of  1^  inches.)  The 
surface  is  first  compressed  by  hand  rollers,  after  which  a  small  quantity  of 
cement  is  swept  over  it,  and  is  then  thoroughly  compressed  by  means  of  a 
steam  roller,  the  operation  being  continued  so  long  as  the  roller  makes  an 
impression  on  the  siirface. 

Fig.  138  shows  a  cross-section  of  asphaltic  pavements  of  bituminous 
limestone  and  Trinidad  asphalt. 

426.  It  is  interesting  to  note  that  Trinidad  asphalt  has  recently  been 
laid  on  a  portion  of  tlie  Victoria  Embankment,  London,  near  Blackfriars 
Bridge.  The  object  of  most  experiments  on  this  thoroughfare  is  to  produce 
a  surface  smoother  than  ordinary  macadam  and  without  the  necessity  of 
forming  a  concrete  foundation  which  is  essential  to  all  first-class  pavements. 

The  portion  of  road  thus  paved  was  first  stripped  to  admit  of  the 
asphalt  paving  being  laid  to  new  levels,  having  a  contour  of  less  rise  than 
existed  formerly.  A  layer  of  asphaltic  concrete  composed  of  granite 
shippings,  a  small  quantity  of  sand  mixed  with  the  proper  proportion  of 
Trinidad  bitumen,  as  already  described,  was  spread  and  raked  into  shape 
and  then  consolidated,  with  a  10-ton  roller,  to  an  ultimate  thickness  of 
3  inches.  On  this  base  the  wearing  surface  coating,  representing  compressed 
asphalt  of  a  thickness  of  1  ^  inches,  was  spread  and  rolled  till  thoroughly 
consolidated.      This   method    of    construction,  common    in    America^  \% 
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practically  sew  in  this  country,  and  i^  in  s 
Mn.Be,  axperimental  Whether  the  original 
filling  material  of  the  Embankment^  sffeeled 
by  the  rise  and  fall  of  the  river,  ia  of  a  niffi- 
cientlj  stable  nature  to  auit  a  rigid  or  joiot- 
.  less  pavement,  remains  to  be  seen. 

127.  Contour  and  Gradients. — Asasplialt 
pavements    are   extremely    smooth,   aurfoce 
water  ie  easily  drained  from  the  thoroughfan; 
consequently,  an  excessiTe  rise,  or  even  liie 
amount  generally  given  to  a  pitched  or  wood- 
pavement^  ia  unnecessary,  a  rise  of  about  ^ 
to  y^  of  the  width  of  the  carriageway  being 
m  most  circurastancea  anfSctent.      It  ii  not 
odviaable  to  lay  a  limestone  rock   asphalt 
g   pavement  in  streets  steeper  than  1  in  50  or 
I    1  in  60,  and  Trinidad  asphalt  1  in  25.     On 
S,  steepergradienta  they  afford  but  little  foothold 
^  for  hoTses,  and  are  consequently  not  safe  to 
£•  travel  over, 

^         Foundations. — A  solid  unyielding  foun- 

§   dation  is  indispensable  for  all  asphaltic  pavs- 

i|   ments.     Itahould  be  laid  in  a  similar  manner 

I   to    that   described   for  a  pitched  or   wood 

u    pavement.      Considering  that  the   thickness 

^    of  the  asphalt  is  only  about  2  inches,  it  is 

"    essential    lliat   the  concrete  be   of  first-rate 

Z   quality ;  while  in  eome  cases  the  depth  may 

be  advantageously  increased  to  9  inches  to 

the  desired  contour,  and  floated  with  cement 

mortar. 

428.  There  are  several  other  forma  of 
asphaltic  pavcmcota,  one  of  the  latest  being 
asphaltic  composition  hlocks,  a  form  of  paving 
used  ill  America  which  is  said  to  give  a  better 
foothold  for  horses  than  the  ordinary  or 
"Standard"  and  Trinidad  asphalt. 

The  composition  consists  approximately 
of  13  per  cent,  asphaltic  cement,  10  per  cent. 
limestone  dust,  and  77  per  cent,  cruslxed 
gneiss,  traprocks  or  basalt,  the  latter  giving 
the  best  results.  The  treatment  is  similar  to 
ordinary   methods   for  heating  and  mixing, 
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And  the  composition  is  placed  in  moulds  12  x  4  x  3  inches,  subjected  to  a 
pressure  of  2  to  2^  tons  per  square  inch,  and  slowly  cooled  in  water.  These 
blocks  may  be  laid  on  a  concrete  foundation,  or  on  a  gravel  bed  with  sand 
bedding,  laid  close-jointed,  and  in  cold  weather. 

Liithofalt  is  an  asphalt  paving  introduced  by  the  Limmer  Asphalt 
Company,  to  meet  the  requirements  of  those  who  are  not  desirous  of  investing 
in  such  an  expensive  pavement  as  mineral  rock  asphalt,  and  for  places  where 
the  traffic  is  only  moderately  heavy.  It  is  a  medium  between  rock  asphalt 
and  tar  macadam  and  tar  paving.  Ldthofalt  makes  an  excellent  paving  for 
side  streets  and  small  towns;  it  is  perfectly  sanitary,  is  impervious  to 
moisture,  and  easily  cleansed.  Moreover,  it  is  comparatively  noiseless,  and 
admits  of  greater  ease  of  traction  than  the  asphalt  paving.  This  form  of 
paving  has  been  laid  in  several  important  London  boroughs,  in  Belfast^ 
Edinburgh,  etc. 

Carbolithic  asphalt  is  another  variation  of  asphalt  paving.  In  the 
manufacture  of  this  material  only  the  densest  and  heaviest  oils  are  utilized, 
and  these  in  minimum  proportions.  Carbolithic  asphalt  is  supplied  ready 
for  use  in  powder,  and  only  requires  heating  before  being  applied. 

Under  normal  conditions  the  asphalt  after  being  melted  is  spread  from 
1  to  1}  inches  thick  upon  the  previously  prepared  foundation,  consisting, 
for  footpaths,  of  well-rammed  hardcore  or  clinkers,  and  for  roadways,  of 
either  hardcore  or  concrete,  and  then  thoroughly  punned  with  a  hot  iron. 
In  special  cases  and  for  footways  in  better-class  thoroughfares,  the  surface 
may  be  sprinkled  with  finely  riddled  Buxton  limestone,  Derbyshire  spar  or 
Penmaenmawr  granite  chippings.  The  surface  of  the  asphalt,  however,  as 
supplied,  is  excellent  for  its  purpose,  and  it  is  seldom  considered  necessary 
to  apply  any  further  top  dressing. 

The  specific  weight  of  carbolithic  asphalt  is  about  150  lbs.  per  cubic 
foot,  but  this  varies  slightly  in  accordance  with  the  climatic  conditions  of 
the  locality  in  which  it  is  to  be  used. 

A  few  of  the  chief  features  of  carbolithic  asphalt  are  said  to  be  its 
impermeability  to  moisture,  durability,  good  foothold  for  horses,  practically 
free  from  noise,  economical  in  first  cost  and  in  maintenance,  extreme  tough- 
nea^land  closeness  of  grain. 

/  429.  Asphalt  pavements  for  carriageways  are  eminently  suited  for 
cities  and  towns  having  comparatively  level  thoroughfares.  Among  other 
advantages  which  these  pavements  possess,  the  following  may  be  mentioned. 
They  are  jointless,  have  a  smooth  even  surface,  are  absolutely  impervious 
to  moisture,  and  dry  quickly  after  a  fall  of  rain ;  they  are  comparatively 
noiseless,  and  easy  of  traction,  consequently  they  are  pleasant  to  drive  over, 
owing  to  the  absence  of  vibration  and  concussion.  They  are  very  durable, 
quickly  laid  and  easily  repaired,  a  matter  of  considerable  importance  in 
thoroughfares  where  continuous  wheel  traffic  exists,  which  greatly  leee»C!i& 
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the  inconvenience  of  long  delays  during  renewals,  and  corresponding  in- 
convenience to  business  people  and  shopkeepers.  They  neither  absorb  box 
radiate  heat,  and  having  a  smooth  surface,  they  can  be  quickly  and  eaailj 
cleansed,  and  are,  therefore,  perfect  sanitary  pavements ;  they  can  be  kept 
scrupulously  clean  by  washing,  which  no  other  kind  of  street  pavement 
is  capable  of  in  so  effective  a  manner. 

480.  As  these  pavements  are  constructed,  and  maintained  in  most 
instances  by  contractors,  it  is  the  practice  of  the  Asphalt  Paving  Companies 
to  charge  a  certain  price  per  square  yard  for  laying  according  to  the  thick- 
ness required,  and  also  to  maintain  the  surface  in  good  repair  at  a  fixed 
price  per  square  yard  annually,  for  a  definite  number  of  years. 

Table  LVL 

The  following  table,  showing  the  cost  and  life  of  asphaU  pavemenU  in 
London,  has  been  compiled  from  data  given  in  a  report  an  carriageway 
pavinff  prepared  by  Mr  Oxtoby,  Borough  Engineer  of  CamberweH,  in  1904. 


District. 


Bermondsey, 

Cimberwcll, 
Hammersmith. 

Ilolborn, 

Marylebone, 
Paddington, 
Shorcditch, . 


Cost  per  yard  super, 
with  foundations. 

Compressed. 

Mastic. 

8.    d. 
12    0 

s.    d. 
11    0 

•  •  • 

12     0 

10    6 

•  •  • 

13     0 

7    6 
(footways) 

13    0 
12     6 
11     0 

•  •  • 

12     6 
6     6 

Depth  of 

Life  of 

Asphalt. 

Asphalt. 

Inches. 

Years. 

li 

Depends 

on  traffic. 

IS 

•  •  • 

li 

•  •  • 

2 

15,  heavy 

(carriageway) 

traffic. 
25,  light 

(footway) 

traffic. 

2 

15 

2 

15-20 

H-2 

10 

Cost  of 
Maintenance. 


3d. -2a. 

8d. 
3d.-6d. 


This  arrangement,  therefore,  does  not  admit  of  a  direct  comparison 
with  other  descriptions  of  pavement  similarly  situated,  where  constructed 
and  maintained  by  the  authorities*  own  staff;  the  cost  of  the  annual  main- 
tenance, no  doubt,  is  given,  but  as  this  will  in  most  instances  be  a  fairly 
remunerative  figure,  the  actual  cost  for  repairs,  on  difierent  pavements,  can 
only  bo  arrived  at  approximately. 

431.  The  life  of  asphalt  pavements  varies  according  to  the  nature  of  the 
covering,  geographical  locality,  and  the  amount  and  description  of  vehicular 
trafTic.  It  has  been  variously  stated  at  from  seventeen  to  twenty  years, 
and  in  the  borough  of  Holborn,  where  the  rock  asphaltic  pavements  are 
almost  exclusively  used,  the  life  has  been  stated  to  be,  in  some  instances, 
twenty-three  years. 
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The  period  for  this  class  of  pavement  for  which  the  London  County 
Council  will  grant  loans  is  ten  years,  and  in  the  absence  of  information  from 
sources  of  recognized  authority,  the  actual  and  annual  cost  of  these  pave- 
ments must,  for  comparison,  be  calculated  according  to  the  data  available. 

Taking,  therefore,  a  similar  area,  as  in  the  case  of  wood  pavements  and 
a  life  of  ten  years,  the  following  figures  are  arrived  at : — 

Table  LVII. 

One  mile  of  carriageway  SO  feet  wide — 

Standard  asphalt,  2  inches  thick,  including  6  inches  P.O. 

foundations,  at  ISs.  per  square  yard, £11,440 

Contingencies, 750 

£12,190 
Second    ten    years — refloating  surface  and  laying  pavement, 

2  inches  thick,  at  lOs.  per  square  yard,   .        .        .    £9,240 

Contingencies, 400 

9,640 

£21,880 
Repayment  of  princiiNil  and  interest — 

Foundations,  life  twenty-four  years,  proportion,         •   £859*37 

Pavement  first  ten  years, 1988*25 

Pavement  second  ten  years, 1988*25  4,885*87 

£26,665*87 

Tliis  sum  represents  an  average  annual  cost  of  Is.  6*18d.  per  square  yard 
during  a  period  of  twenty  years ;  and  to  this  figure  must  be  added  the  cost 
of  maintenance,  which  may  be  taken  at,  on  an  average,  allowing  two  years' 
free  upkeep,  8d.  per  square  yard,  or  an  inclusive  cost  of  28.  4*1  Bd. 

The  maintenance  contract  price  varies,  according  to  class  of  pavement 
and  conditions  of  traffic,  from  3d.  to  2s.  per  square  yard  per  annum. 
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CHAPTEE    XIIL 

BRICK  PAVEMENTS  FOR  CARRIAGEWATa 

432.  Brick  Pavements  for  carriageways  are  extensively  used  in  the  XJuited 
States,  where  they  were  first  adopted  in  1872.  Many  of  the  jstreets  in 
the  principal  towns  in  Holland  are  paved  with  this  material,  particularly  in 
Amsterdam  and  Rotterdam,  where  hricks  are  stated  to  have  been  employed 
for  paving  purposes  for  over  150  years.  Bricks  have  not  hitherto  been 
used  for  paving  to  any  great  extent  in  this  country,  although  there  are 
towns  with  a  medium  traffic  where  it  baa  been  laid  as  a  pavement ;  they 
are,  however,  much  used  in  forming  street  crossings. 

In  Liverpool,  ''Tees  scoriae"  bricks  from  Middlesbrough  were  laid  as  a 
trial  in  1881 ;  they  were  not,  however,  very  successful,  wearing  unevenly 
and  being  extremely  slippery.  The  unequal  wearing  was  probably  owing 
to  the  manner  in  which  they  wore  manufactured,  as,  on  examination,  many 
of  the  bricks  were  found  to  have  large  holes  in  them,  where  the  materials 
had  not  fused  together. 

The  chief  experience  with  bricks  for  paving  in  this  country  has  been 
obtained  in  the  county  of  Staffordshire,  while  the  town  of  Cheltenham 
has  also  made  experiments. 

433.  The  suitability  of  bricks  for  carriageway  pavements  depends  on  the 
quality  of  the  clay  from  which  these  are  made,  the  method  adopted  in  manu- 
facturing and  burning  them,  uniformity  of  shape  and  size,  and  the  extent 
to  which  tlioy  will  conform  to  the  tests  for  absorption,  crushing  strength, 
and  abrasion.  In  addition  to  the  bricks  having  to  conform  to  certain 
standards  in  the  directions  mentioned,  the  specific  gravity  test,  varying 
from  2  00  to  2-30,  is  at  times  adopted. 

The  characteristics  which  brick  suitable  for  paving  purposes  should 
possess  may  be  stated  as  follows : — 

(1)  It  should  not  absorb  more  than  3 J  per  cent,  of  moisture  in  twenty- 
four  hours,  nor  be  acted  upon  by  acids. 

(2)  It  should  be  rough  to  the  touch,  afford  a  good  foothold,  and  not  be 
liable  to  become  polished. 
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(3)  It  should  be  hard^  but  not  brittle,  give  a  clear  ringing  sound  when 
struck,  and  not  be  liable  to  scale  or  to  chip  on  the  edges. 

(4)  When  broken  it  should  show  a  compact,  uniform,  and  close-grained 
structure  free  from  air-holes  and  small  stones. 

The  composition  of  clay  varies  considerably,  but  most  bricks  are  made 
from  a  hydrated  silicate  of  alumina  in  combination  more  or  less  with  other 
substances,  such  as  magnesia,  iron,  lime,  and  potash.  Alumina  gives  elasticity, 
and  renders  the  material  tough  and  binding ;  magnesia  in  small  quantities 
renders  the  clay  fusible;  iron  is  advantageous,  tends  to  make  the  brick 
more  homogeneous,  and  aids  in  producing  vitrification. 

Lime  in  excess  is  injurious,  and  although  infusible,  is  changed  into  caustic 
lime  at  high  temperatures,  and  when  exposed  to  the  action  of  the  weather, 
absorbs  moisture,  and  causes  disintegration.  The  alkalies,  varying  from  1  to 
3  percent.,  act  as  a  flux  in  chemical  combination  with  the  silica  and  alumina. 

Clay,  to  make  satisfactory  paving  bricks,  must  be  rich  in  silica,  free  from 
lime,  and  able  to  withstand,  without  fusing,  a  red  heat  for  a  sufficient  length 
of  time  to  render  the  bricks  hard,  homogeneous,  and  impervious  to  water. 

The  methods  practised  in  preparing  the  clay  previous  to  being  manu- 
factured into  paving  bricks  vary  considerably,  but  the  essential  points 
may  be  stated  as  follows,  namely — (1)  preparing  and  grinding  the  clay, 
(2)  tempering,  (3)  moulding,  (4)  drying,  and  (5)  burning. 

434.  In  a  paper  on  the  subject  of  bricks  for  carriageway  paving,  M.  A.  £. 
Blizzard  says  that  the  process  which  has  been  found  to  produce  the  best 
results  is  as  follows :  "  After  adding  to  the  marl  a  suitable  portion  of  the 
rock,  the  whole  is  crushed  through  rollers,  passed  through  a  disintegrator, 
and  made  into  stiff  plastic  by  means  of  a  pan.  It  is  then  passed  through 
heavy  clot  rollers,  which  push  it  out  in  a  solid  continuous  stream,  and  this 
is  cut  into  the  required  lengths  by  a  rotary  parallel  cutter.  The  advantage 
of  the  clot  roller  is  that  the  air  is  gradually  squeezed  out  as  the  clot  is 
formed,  reducing  the  chance  of  laminations.  The  clots  are  then  pressed  in 
a  powerful  belt-driven  press  worked  on  the  toggle-lever  principle.  This 
gives  a  steady  squeeze,  top  and  bottom,  of  forty  to  fifty  tons,  thus  allowing 
time  for  the  remainder  of  the  air  to  get  out  and  for  the  particles  to 
thoroughly  unite.  The  apparent  loss  of  time  in  squeezing  is  made  up  by 
the  rapid  up-and-down  motion  of  the  plungers.  The  clots  are  placed  on  a 
table  having  a  revolving  set  of  grippers,  which  pass  them  into  the  die  and 
deliver  the  finished  bricks  on  to  an  endless  belt  which  takes  them  away. 

"After  pressing,  the  bricks  are  conveyed  by  the  endless  belt  to  a  drying 
shed  conveniently  near  to  the  ovens,  in  which  they  are  afterwards  placed 
(or  they  may  be  placed  at  once  in  the  oven)  in  such  a  way  that  the  hot 
gases  generated  in  the  mouths  have  free  access  to  them.  The  ovens  are 
of  the  intermittent  down-draught  type.  The  hot  gases  from  the  mouths 
pass  up  to  the  top  of  the  oven  and  are  then  deflected  dovrii  tVoow^  ^\«ckr 
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iiigs  in  the  floor  to  the  flues  below,  which  lead  to  the  chimney.  Manj 
attempts  have  been  made  to  build  continuous  kilns  suitable  for  firing  bine 
bricks,  but  so  far  without  good  results." 

For  all  practical  purposes,  although  all  the  tests  previously  mentioned 
are  sometimes  carried  out,  the  suitability  of  bricks  for  paving  purposes  maj 
be  judged  by  their  capacity  for  absorption  and  abrasion. 

435.  Absorption. — This  test,  which  represents  the  probable  effect  of 
atmospheric  action,  is  of  great  importance ;  it  is  one  of  the  factors  which 
determine  the  life  of  a  brick  pavement  The  alternation  of  wet  and  diy 
weather,  as  well  as  frost  and  thaw,  to  which  all  pavements  are  subject  at 
times,  tends  to  disintegrate  bricks,  so  that  the  less  absorbent  they  are,  the 
more  durable  and  sanitary  they  will  be.  American  specifications  generally 
stipulate  that  paving  bricks  must  not  absorb  more  than  1^  to  3^  per  cent 
of  moisture  in  twenty-four  hours,  although  the  time  required  for  this  test 
is  occasionally  extende<l  to  forty-eight  and  seventy-two  hours. 

436.  Abrasioa — This  test  for  paving  bricks  is  also  of  importance,  and 
is  carried  out  in  a  somewhat  similar  manner  to  that  used  in  testing  road 
metalling.  The  pounding  produced  by  horses'  feet  on  most  pavements,  and 
especially  on  this  class,  causes  the  greatest  amount  of  wear,  so  that  the 
material  which  can  withstand  such  treatment  will,  in  all  probability,  be  the 
most  suitable  and  give  the  longest  service  as  a  pavement. 

There  are  no  standard  conditions  by  which  different  bricks  can  be  com- 
pared, the  "  rattle "  or  "  tumbler  "  test  being  carried  out  with  the  bricks 
placed  in  it  alone  or  with  iron  castings  or  other  material  introduced.  The 
construction  of  the  testing  machine,  the  number  of  revolutions  per  minute, 
the  duration  of  the  test,  and  the  percentage  of  loss,  are  all  matters  which 
have  a  direct  bearing  on  the  subject. 

437.  Eesistance  to  Crushing  Power. — So  far  as  the  resistance  of  bricks  to 
crushing  is  concerned,  it  seems  remarkable  that  some  specimens  should  possess 
a  greater  crushing  resistance  than  most  kinds  of  granite,  although  they  are  not 
so  tough.  Staffordshire  blue  bricks,  tested  by  Kirkaldy,  gave  the  crushing 
resistance  at  from  15,000  to  18,000  lbs.  per  square  inch,  while  the  strength 
of  granite,  similarly  tested,  varied  from  12,000  to  18,000  lbs.  per  square  inch. 

In  tlie  United  States,  where  particular  attention  is  paid  to  the  manufacture 
and  burning  of  bricks  for  paving  purposes,  recent  tests  at  Watertown  Arsenal 
showed  that  22,000  lbs.  per  square  inch  was  attained.  In  some  cases  the 
crushing  resistance  has  reached  the  abnormal  figure  of  30,000  lbs.  per  square 
inch,  but  7,150  lbs.  per  square  inch  appears  to  be  the  average  in  America. 
The  tests  are  carried  out  there  on  a  very  extensive  scale,  testing  laboratories 
having  been  established,  equipped  with  suitable  apparatus  for  this  purpose. 

438.  Size  of  Bricks. — The  standard  size  of  building  brick  in  this  country 
is  9  inches  x  4^  inches  x  3  inches,  and  it  was  considered  that  this  would  also 
form  a  convenient  size  for  paving  purposes. 
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In  the  United  States  the  sizes  vary  considerably,  but  the  dimensions  of 
brick  mostly  used  are  9  inches  x  4  inches  x  3  inches.  They  are  formed 
with  square  edges  and  rounded  nosings,  while  many  are  made  with  rounded 
tops.  The  square  edge  makes  the  best  joint,  is  less  noisy,  and  more  readily 
cleansed,  although  the  arrises  become  chipped  by  the  action  of  the  horses' 
feet. 

439.  Foundations. — Many  of  the  brick  pavements  in  the  United  States 
are  simply  laid  on  the  natural  ground,  previously  rolled ;  in  other  instances, 
slag,  gravel,  or  ordinary  macadam  has  been  used  and  steam-rolled  before 
the  brick  pavement  is  laid. 

Now,  however,  the  best  work  is  being  carried  out  by  forming  a  concrete 
foundation  similar  to  that  used  for  first-class  pavements  in  this  country,  and 
no  doubt  the  success  of  the  paving  will  be  greatly  enhanced,  and  the  life  or 
service  of  the  bricks  extended,  if  laid  on  concrete. 

Laying. — The  bricks  are  laid  on  a  cushion  of  sand,  as  in  the  case  of 
a  pitched  pavement,  at  one  time  spread  to  a  depth  of  3^  inches,  but  now 
generally  from  I  inch  to  2  inches  in  thickness.  The  bricks  are  laid  on  edge 
close  up  to  the  kerbs  without  any  channel  courses,  at  right  angles  to  the 
centre  line  of  the  thoroughfare,  or  at  an  angle  of  60*,  which  is  preferred  in 
some  towns.  The  bricks  are,  for  the  most  part,  laid  with  as  close  a  joint 
as  possible,  but  in  some  cases  with  a  ^-inch  space  to  allow  for  grouting. 
The  irregular  shape  of  the  bricks  generally  permits  of  a  sufficiently  wide 
joint  for  this  purpose.  Closers  are  specially  made  to  avoid  cutting  the 
ordinary  bricks,  and  vary  from  ^  to  }  lengths.  The  paving  is  then  rammed 
or  rolled  with  horse-rollers  drawn  by  men,  or  by  light  steam-rollers,  any 
defective  bricks  being  replaced  before  filling  the  joints. 

Grouting. — This  is  effected  with  clean  river  sand,  cement,  or  pitch.  In 
the  case  of  the  two  latter  materials,  the  joints  are  filled  by  means  of  an 
iron  funnel-shaped  tool,  having  a  small  hole  at  the  bottom,  the  flow  of 
the  grout  being  regulated  by  a  plug  valve. 

The  surface  is  finished  by  covering  the  pavement  with  coarse  sand  from 
^  inch  to  1  inch  in  thickness,  which  is  allowed  to  remain  for  ten  or  twelve 
days  and  then  swept  ofi^  the  traffic  passing  over  the  pavement  meanwhile. 

Specifications  for  brick  pavements  differ  widely  in  their  requirements, 
and,  as  already  mentioned,  no  standard  for  testing  the  quality,  or  the 
method  of  construction,  has  been  arrived  at.* 

440.  Advantages  and  Defects  of  Brick  Pavements. — The  advantages 
of  a  brick  pavement  are  stated  to  be  ease  of  traction  and  fairly  good  foot- 
hold for  horses;  it  is  easily  repaired  and  cleansed,  consequently  it  is 
sanitary;  and  it  is  durable  under  moderate  traffic.  The  defects  of  brick 
pavement  arise  principally  from  the  lack  of  uniformity  in  shape  and  quality, 

*  The  details  of  the  specification  adopted  by  the  Board  of  Public  Works,  Indianopolia^ 
U.S.  A.,  for  the  laying  of  brick  pavement  are  given  in  the  first  «di\ioii  ol>2lDCA^^i^^\.  V^V 
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which  necessitates  the  making  of  a  wide  joint  in  most  cases,  while  the  soft 
or  more  porous  hricks  are  liable  to  disintegrate  under  the  action  of  traffic 
or  the  effects  of  frost. 

441.  Life  of  Brick  Pavements. — In  regard  to  laying,  Mr.  Bliziaid 
says  that  the  "  subsoil  being  made  solid,  a  bed  of  screened  ashes  is  all  that 
is  necessary.  The  bricks  lie  and  wear  most  evenly  when  laid  herring-bone, 
with  one  or  two  courses  parallel  to  the  path  on  both  sides,  and  angle  pieces 
specially  made  to  join  up  to  those.  Grouted  up  with  fine  ashes,  and  a 
sprinkling  of  ashes  being  thrown  over  the  finished  pavement,  it  is  ready 
for  traffic,  which  will  soon  wear  the  ashes  into  the  joints  and  make  a 
perfect  grout.  Sand  and  cement  are  sometimes  used  for  setting,  but  it  is 
an  unnecessary  expense. 

"  Good  blue  bricks  may  be  relied  upon  to  last  for  forty  years  without 
repair  under  the  heaviest  wear,  and  may  last  very  much  longer. 

''For  residential  areas,  or  streets  where  the  traffic  is  not  heavy  and 
quick,  bricks  possess  some  advantages  over  other  kinds  of  paving.  They 
give  a  perfectly  true  surface,  are  most  sanitary,  being  non-absorbent,  are 
easily  washed  down,  are  not  more  slippery  wet  than  dry,  give  a  good  foot- 
hold for  horses  (having  rounded  arrises),  are  not  as  noisy  as  stone  or  granite 
setts,  and  will  stand  a  great  deal  of  wear — but  that  is  a  point  upon  which 
I  am  sensible  that  surveyors  will  require  to  be  satisfied. 

"  A  brick-paved  street  may  be  repaired  more  cheaply  than  any  other ;  and 
with  a  cement  filler  no  special  apparatus  is  required,  as  for  pavements  where 
asphalt  or  pitch  is  used ;  and  tlio  offensive  smell  of  the  latter  is  avoided. 

"In  1900  we  sent  to  Cheltenham  a  quantity  of  bricks,  which  were  laid 
in  New  Street,  where  the  traffic  from  a  railway  goods  yard  passes  over 
them ;  and  after  two  years'  wear  the  late  Borough  Surveyor,  Mr.  Joseph 
Hall,  in  publishing  an  article  on  brick  paving,  remarked  that  the  traffic  has 
included  some  of  the  heaviest  in  Cheltenham;  but  this  is  only  coal 
wagons,  and  carts,  and  railway  delivery  trolleys.  The  section  which  takes 
the  heaviest  traffic  has  been  laid  down  about  two  years,  and  shows  no  sign 
of  wear,  although  bricks  have  been  chipped.  Drivers  tell  nie  that  the  foot- 
hold is  all  they  can  desire.  I  have  driven  over  it  myself  frequently,  and 
have  found  no  difficulty,  although  I  anticipated  some  trouble  from  frost. 
The  conclusion  I  have  arrived  at  is,  that  if  the  same  care  be  exercised  in 
forming  the  foundation,  in  selecting  the  materials,  and  in  laying  them,  as  is 
done  with  wood  paving,  a  more  efficient  and  sanitary  pavement  will  be 
obtained  at  a  less  cost." 

Five  years  after  this  piece  was  laid,  that  is,  in  1905,  the  present  Borough 
Surveyor  reports  as  follows :  "  With  regard  to  the  experimental  piece  of 
blue  brick  paving  laid  down  in  one  of  the  streets  here,  the  paving  comprises 
an  area  of  300  square  yards,  and  was  laid  down  in  August  1900.  The 
foundation  consists  of  a  thickness  of  6  inches  of  cement  concrete,  and  the 


BRICK   PAVEMENTS   FOR  CARRIAGEWAYS.  407 

bricks  are  laid  on  a  bed  of  sand  and  grouted  in  with  pitch.  The  paving  is 
close  to  the  Great  Western  Railway  Company's  coalyard,  and  receives  a 
fair  amount  of  heavy  traffic.  At  present  there  are  holes,  due  to  the  traffic 
in  the  centre  of  the  road,  about  f  of  an  inch  deep.  Speaking  generally, 
the  paving  has  worn  fairly  well ;  but  I  do  not  think  the  life  ^vill  be  more 
than,  say,  ten  years,  and  before  this  time  the  middle  portion  will  have  to 
be  relaid.  I  am  of  opinion  that  bricks  of  this  character  are  not  suitable  for 
the  paving  of  public  streets,  except  where  the  traffic  is  very  light  indeed." 

In  America,  where  the  experience  of  this  description  of  pavement,  laid  on 
concrete  foundations,  has  extended  to  a  period  of  about  twenty-five  years,  the 
life  time  is  stated  to  be  from  fifteen  to  twenty  years  under  ordinary 
conditions.  In  many  instances,  where  the  paving  has  been  down  for  ten  or 
twelve  years,  it  is  reported  to  be  in  good  condition  and  but  little  worn. 

The  durability,  of  course,  depends  greatly  on  the  nature  and  amount  of 
wheel  and  hoof  traffic,  and  also  the  climatic  conditions,  which  latter,  it 
must  be  remembered,  are  more  severe  than  in  this  country. 

442.  CoBt. — The  average  cost  of  constructing  a  brick  pavement  in  the 
United  States  is  5s.  Sd.  per  square  yard. 

It  is  reasonable  to  suppose  that  brick  paving  could  be  carried  out  in  this 
country,  when  the  bricks  can  be  obtained  within  a  moderate  distance  of  the 
locality  where  they  are  to  be  laid,  for  Gs.  4d.  per  square  yard,  or  Ss.  lOd. 
per  square  yard  including  a  concrete  foundation  6  inches  deep. 

Table  LVIII. 
The  cost  of  the  blue  brioks,  already  referred  to  by  Mr. 

Blinard,  is  as  follows  : — 

Per  yard  super. 

$,    d,  9,  d, 

.Blue  bricks,  9  inches  x  4)  inches  x  2^  inches,  laid  on 

ashes  and  grouted  with  ashes,      .        .        .        .     2    8    to    2    6 

Blue  bricks,  9  inches  x  4^  inches  x  2  inches,  laid  on 

ashes  and  grouted  with  ashes,  .        .        .     2    2    to    2    4 

Taking  London  only,  the  approximate  figures  of  the  cost  of  brick 
compared  with  other  kinds  of  paving  are,  exclusive  of  foundations,  and  not 
taking  into  account  the  life  of  the  respective  materials,  stated  as  under : — 

Table  LIX. 

Per  yard  super. 

«.    d. 
Bricks, 7    6 

Creosoted  yellow  deal, 8  0 

Jarrah  or  Karri, 11  0 

Compressed  asphalt,  2  inches  thick, 10  0 

Granite  setts, IS  0 

The  average  cost  of  street  paving  per  square  yard  in  Philadelphia  in 
1898,  when  it  touched  the  lowest  figure,  was  granite  blocks,  9s.  9d. ;  street 
uphalti  68.  0|d. ;  and  bricks,  58.  8j^d. 


CHAPTER    XIV. 

TAB  MACADAM. 

448.  This  description  of  pavement  is  very  suitable  for  thoroughfares  in 
suburban  districts  and  towns  with  medium  traffic  It  is  by  no  means  a 
new  form  of  paving  material,  having  been  laid  in  Nottingham  over  sixty 
years  ago,  as  well  as  in  other  centres.  Although  tar  macadam  has  not 
been  much  used  hitherto,  it  is  now  being  extensively  employed  by  reason 
of  the  methods  of  manipulating  the  ingredients  being  greatly  improved. 
The  primitive  methods  formerly  employed  in  mixing  and  applying  the 
material  probably  account  for  many  of  the  failures  experienced  in  using 
tar  macadam. 

To  obtain  good  results  it  is  considered  necessary  that  the  stones  should 
be  thoroughly  dried  by  heating.  This  process  was  formerly  carried  out  by 
forming  a  stack  composed  of  wood,  coke,  and  the  stones  to  be  dried,  and 
setting  fire  to  the  heap.  It  occupied  from  four  to  ten  days,  depending 
on  the  size  of  the  stack  of  material,  and  had  the  effect,  in  many  instances, 
of  calcining  the  stones,  which  rendered  them  practically  useless  as  a  paving 
material.  The  tar  was  invariably  used  in  a  crude  state,  or  allowed  to  stand 
in  a  large  tank  for  a  considerable  time  to  allow  the  water  and  volatile  oils 
to  escape  or  come  to  the  surface.  The  practice  at  the  present,  and  indeed 
for  some  considerable  time  past,  is  to  eliminate  the  water  and  volatile 
matter  by  boiling  or  refining  the  tar,  which  has  an  important  bearing 
upon  the  ultimate  results. 

This  class  of  pavement  is  very  much  superior  to  ordinary  macadam  in 
wearing  qualities,  consequently  more  economical  in  upkeep,  and,  being 
waterproof,  mud  and  dust  are  practically  nonexistent.  The  initial  cost, 
however,  is  considerably  greater  than  in  the  case  of  ordinary  macadam, 
and  its  use  on  an  extensive  scale,  on  county  roads  at  least,  is  considered 
prohibitive. 

444.  The  description  of  materials  generally  employed  in  this  class  of 

pavement  are  limestone,  Kentish  rag-stone,  furnace  slag,  and  many  of  the 

road  stones  produced  from  rock  of  igneous  origin  which  possess  character- 
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istic  features.  The  former  are  those  mostly  employed,  as  it  is  considered 
that,  being  somewhat  porous,  the  limestone  and  slag  absorb  the  tar.  lliis 
feature  exists  to  a  certain  extent  in  limestones,  but  it  is  apparent  that 
stones  capable  of  being  impregnated  with  tar  owing  to  their  soft  or  porous 
nature  are  of  little  use  as  a  paving  material.  A  hard  stone  which  pro- 
duces a  rough  fracture  when  broken  is  superior  to  most  other  kinds  of 
material  for  tar  macadam,  while  stones  which  are  largely  composed  of  free 
quartz  in  large  crystals  are  not  so  satisfactory. 

445.  Various  methods  are  adopted  for  drying  the  material  before  treat- 
ment, and  machinery  has  recently  been  introduced  for  mixing  the  stones 
^vith  the  tar  and  extensively  used  at  the  various  centres  where  this  paving 
material  is  produced.  The  preferable  arrangement  for  drying  the  stones 
consists  of  a  kiln  or  drying  floor  formed  of  cast-iron  plates,  generally  4  feet 
X  3  feet  X  1  inch  thick,  fixed  about  2  feet  above  ground  level  and  supported 
on  4^-inch  brick  dwarf  walls.  Provision  is  made  by  means  of  openings  in 
the  walls  to  allow  the  heat  from  the  fires  to  circulate  freely  under  the  floor 
on  its  passage  to  the  chimney.  These  drying  floors  are  made  of  a  size  of 
about  24  feet  x  20  feet^  and  are  capable  of  accommodating  a  considerable 
quantity  of  material  during  the  drying  and  mixing  process,  the  whole  opera- 
tion being  carried  out  under  cover.  Large  coppers,  capable  of  holding  about 
80  gallons  each,  for  boiling  the  tar  are  placed  at  one  end  of  the  building, 
the  heat  from  the  fire  flues  accomplishing  this  object.  The  tar  is  generally 
boiled  for  two  or  three  hours,  depending  on  its  quality,  pitch  being  added  to 
stiflen  the  tar,  and  creosote  oil  used  if  found  necessary.  Distilled  tar  heated, 
but  not  brought  to  the  boiling  point,  is  the  most  preferable  kind  of  tar  to 
use.  The  mixing  of  the  material  is  performed  by  spreading  a  layer  of 
stones  from  6  inches  to  1  foot  in  depth,  according  to  the  amount  of  drying 
necessary,  the  layer  being  turned  over  two  or  three  times,  according  to 
circumstances.  The  stones  in  a  warm  state,  but  not  too  hot,  are  then 
treated  by  hot  tar  being  poured  over  them  by  means  of  buckets^  and  so 
applied  that  all  the  stones  receive  an  approximately  equal  amount  of  tar. 
The  materials  are  turned  over  and  mixed,  the  process  being  continued  for 
some  time  in  order  to,  as  far  as  possible,  incorporate  the  ingredients 
thoroughly.  The  amount  of  tar  which  is  necessary  to  be  applied  to  each 
ton  of  road  stones,  for  this  class  of  pavement,  generally  averages  from  8  to 
12  gallons,  depending  on  the  kind  of  material  employed  and  the  gauge  to 
which  the  stones  are  broken.  The  treated  material  is  usually  stored  for  a 
few  weeks  in  order  that  the  superfluous  tar  may  drain  ofl",  which  period  of 
time  may  indicate  the  aflinity  of  the  stones  to  absorb  the  tar,  or  the  amount 
of  tar  necessary  in  the  mixing  operations  to  properly  coat  the  stones. 

The  excessive  use  of  tar  and  overheating  the  material  are  unnecessary,  as 
the  induced  heat  in  the  stones  throws  ofl"  the  surplus  tar  and  leaves  the  surfaces 
but  slightly  coated,  especially  in  the  upper  portions  of  the  stacked  matatiaL 
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Spreading  the  material  prepared  as  described,  or,  if  for  immediate  use, 
adding  a  proportion  of  pitch  to  the  tar  during  the  refining  process,  is 
performed  in  the  usual  way,  but  care  must  be  exercised  to  spread  the 
material  uniformly,  as,  being  treated  with  tar,  it  is  somewhat  difficult  to 
manipulate  compared  with  untreated  road  stones. 

446.  The  road  to  be  repaired  is,  in  most  instances,  stripped,  and  the 
old  material  removed  to  a  sufficient  depth  to  admit  of  the  treated  stones 
or  tar  macadam  being  spread  to  the  desired  thickness.  The  foundation 
should  be  properly  levelled  and  contoured  and  moderately  rolled  to  ensuie 
equal  consolidation,  previous  to  the  tarred  material  being  spread.  Any 
inequalities  or  weak  places  should  be  made  good  by  applying  material  of 
a  hard  nature,  previously  excavating  the  soft  or  earthy  matter. 

The  material  when  ready  for  use  is  spread  on  the  prepared  surface, 
generally  in  two  coats,  but  sometimes  in  three  layers.  The  first,  composed 
of  2|-inch  material,  is  spread  to  such  a  thickness  that  when  rolled  it  will 
measure  4  inches  in  depth,  and  then  a  layer  of  |-  or  1-inch  material  is 
spread  so  as  to  fill  the  interstices,  the  whole  being  well  rolled  or  consoli- 
dated, and  finished  by  sprinkling  a  light  coat  of  slag  dust  or  other  suitable 
material  over  the  surface.  In  some  instances  the  road  coating,  from  4  to 
6  inches  in  depth,  is  rolled  in  the  usual  way  and  then  grouted  with  a 
boiling  mixture  of  tar,  pitch,  and  creosote  oil,  which  fills  the  vacant  spaces 
between  the  stones.  Small  stone  chippings  are  added,  and,  by  further 
rolling,  the  surface  is  made  perfectly  smooth  and  compact  By  this  method 
of  making  a  tarred  macadam  road  the  quantity  of  tar  used  is  generally 
excessive,  which  gives  trouble  during  hot  weather.  The  application  of 
boiling  tar  to  the  cold  road  stones  chills  the  mixture  to  a  certain  extent, 
which  has  a  detrimental  cflfect  and  detracts  from  the  wearing  qualities 
of  the  material. 

Repairs  on  this  class  of  pavement  on  roads  of  medium  traffic  are  not 
necessary  for  some  considerable  time  after  being  made — indeed,  owing  to 
the  elastic  nature  of  the  matrix  or  binding  agent,  some  time  elapses  before 
the  coating  is  completely  consolidated.  Small  depressions  or  hollows  in  the 
surface  may  be  repaired  by  picking  up  these  places,  sweeping  thoroughly, 
applying  hot  tar  with  a  brush,  and  then  filling  the  hollows  with  tarred 
chippings  and  consolidating  the  patches  by  rolling.  Extensive  repairs 
are  generally  carried  out  by  picking  up  the  old  surface,  removing  all 
useless  material  and  detritus,  applying  a  thin  coat  of  hot  tar,  and  spreading 
a  2J-inch  layer  of  treated  stones  and  a  proportion  of  tarred  chippings,  the 
whole  being  consolidated  by  rolling.  Tar  macadam  pavements  may  be 
preserved  and  kept  in  good  condition  by  painting  or  floating  the  surface, 
after  being  thoroughly  cleansed,  with  hot  tar  and  sprinkling  stone  chippings 
or  slag  dust  over  the  area  so  treated.  This  operation  may  be  necessary 
every  two  or  three  years  under  ordinary  traffic  conditions. 
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447.  The  advantages  of  tar  macadam  over  ordinary  macadam  are, 
increased  durability,  practical  imperviousness  to  moisture,  and  capability 
of  being  swept  perfectly  clean  and  even  washed  without  injury  to  the 
surface.  The  road  stones  being  held  firmly  in  position  by  the  binding 
action  of  the  tar,  internal  movement  or  abrasion  does  not  take  place ; 
consequently  the  resulting  mud  and  dust  common  on  ordinary  macadam 
roads,  under  certain  weather  conditions,  are  practically  non-existent  on 
tar  macadam,  except  such  as  is  produced  by  the  natural  wear  of  the 
material  at  the  surface.  It  is  practically  noiseless,  and  presents  an  asphalt- 
like surface,  which  offers  but  little  tractive  resistance  to  traffic.  The 
surface  is  not  disintegrated  during  extreme  weather  conditions,  such  as 
alternating  frost  and  thaw. 

The  diisadvantages  are  those  common  to  asphalt  pavements,  being 
slippery  during  frosty  weather,  which  is  also  a  difficulty  on  ordinary 
macadam  roads.  The  cost  of  tarred  slag  macadam  or  tarred  limestone 
as  a  surface  road  covering  is  too  great  to  admit  of  general  use.  The 
preparation  of  the  old  road  surfaces  for  reception  of  the  prepared  material 
with  the  contingent  expenses  for  carting  and  labour  increases  the  cost 
per  square  yard,  and  the  inclusive  cost  appeara  to  prohibit  its  adoption 
on  an  extensive  scale  on  rural  main  roads. 

Tar  macadam  has  been  extensively  employed  in  Nottingham,  Battersea, 
on  the  Thames  Embankment,  Ayr,  Glasgow,  Leith,  and  many  other  centres. 

Slag,  even  of  the  best  quality,  cannot  be  considered  a  sufficiently  strong 
material  to  withstand  heavy  traffic,  such  as  traction  engines  and  motor 
wagons.  Similarly  limestone,  which  is  more  or  less  an  absorbent  material,  is 
much  too  soft  to  expect  good  wearing  results  under  even  ordinary  traffic. 

The  durability  or  life  of  tar  macadam  pavements  depends,  of  course,  on 
the  amount  and  nature  of  the  traffic,  but  is  generally  estimated  at  periods 
varying  from  three  to  ten  years,  although  cases  are  recorded  where  this 
class  of  pavement  has  been  in  use  for  longer  periods. 

448.  The  cost  of  laying  tar  macadam  varies  greatly  in  different  localities, 
depending  on  the  description  of  stone  used,  the  method  adopted  in 
manipulating  and  mixing  the  material,  the  distance  from  the  source  of 
supply,  depth  to  which  it  is  spread,  whether  the  old  surface  requires  to  be 
picked  up  and  the  material  removed,  or  the  tarred  stones  are  spread  on  the 
existing  road  surface.  In  Nottingham  the  cost  per  square  yard  averages 
from  Is.  9d.  to  2s.,  and  at  Battersea  3s.  6d.  to  4s.  6d.  per  square  yard.  The 
annual  cost  of  repairs  during  the  Hfe  of  a  tar  macadam  pavement  varies 
considerably  according  to  the  amount  of  traffic  and  other  conditions.  Small 
repairs  may  be  carried  out  for  about  ^d.  per  square  yard,  while  refacing 
will  cost  about  Is.  per  square  yard. 

Other  methods  of  practically  accomplishing  the  same  r^ults  as  are 
claimed  for  tar  macadam  are  described  in  Chapters  YIII.  and  IK« 


CHAPTER   XV. 

CONCLUSIONS. 

449.  It  will  be  apparent  from  the  description  of  the  different  materials 
which  are  at  present  employed  in  the  construction  of  a  first-class  carriage- 
way pavement^  that  it  is  not  an  easy  matter  to  decide  on  the  particular 
description  of  material  for  this  purpose,  suitable  for  the  varying  circum- 
stances met  with. 

Apart  from  the  durability  of  the  paving  material  to  be  employed, 
though  this  is  of  the  greatest  importance,  many  considerations  have  to  be 
examined  closely,  as,  at  the  present  time,  they  enter  largely  into  the 
selection  of  a  pavement  suitable  to  the  varying  conditions  and  circum- 
stances which  exist  in  different  towns.  The  most  important  points  to  be  con- 
sidered are,  the  nature  of  the  gradients  and  foothold,  description  of  traffic, 
width  of  the  thoroughfares,  the  class  of  property  facing  the  street,  facility 
of  cleansing,  noiselessness,  smoothness,  economy  of  construction  and  sub- 
sequent maintenance,  as  well  as  the  climatic  conditions. 

In  cities  and  towns  where  the  residential  and  manufacturing  portions 
are  somewhat  separated  from  one  another,  and  where  the  nature  of  the 
traffic  and  gradients  vary  considerably,  an  opportunity  is  offered  for  using  all 
recognised  kinds  of  paving  material  suitable  to  the  particular  situation  and 
circumstances. 

There  is  not  at  present,  it  may  readily  be  inferred,  any  one  class  of 
pavement  which  possesses  all  the  properties  necessary  for  fulfilling  the 
requirements  mentioned  above.  On  sanitary  grounds  alone  impervious 
pavements  are  a  necessity  which,  by  reason  of  the  methods  adopted  in 
constructing  them,  limit  the  use  of  certain  kinds  of  material  where  heavy 
and  continuous  vehicular  traffic  has  to  be  accommodated. 

450.  There  is  a  consensus  of  opinion  that  granite  setts  properly  laid  form 
the  cheapest  and  most  durable  pavement.  It  does  not,  however,  present 
a  smooth  and  regular  surface  after  a  few  years'  wear,  especially  when  laid 
with  wide  joints,  and  this  is  considerably  augmented  by  the  frequent  disturb- 
ance of  the  pavement  in  connection  with  repairs  to  gas,  water,  and  other 
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mains.  The  principal  disadvantages  of  this  class  of  pavement,  however,  are 
that  it  is  noisy,  and  is  liahle  to  become  slippery  through  wear,  on  which 
account  it  has  been  procticxilly  abolished  as  a  paving  material  in  the  fashion- 
able quarters  and  business  thoroughfares  of  cities  and  large  towns.  No 
doubt  the  wide  joint  has  something  to  do  with  the  great  noise  inseparable 
from  a  pitched  pavement,  as,  after  a  time,  considerable  vibration  is  set  up, 
the  wheels  of  vehicles  bumping  from  stone  to  stone^  causing  wear  and  tear 
in  an  excessive  degree  both  to  the  traffic  and  to  the  pavement  itself.  This 
vibration  may  also  cause  damage  to  the  surrounding  buildings.  In  several 
instances,  however,  where  heavy  loads  form  the  great  bulk  of  the  traffic, 
such  as  in  Manchester  and  other  cities,  granite  setts  are  regarded  by  the 
authorities  as  the  only  possible  form  of  paving  both  in  the  matter  of  wear 
and  in  affording  the  best  foothold  for  horses. 

451.  Soft  wood  pavements  or  yellow  deal  blocks  are  still  extensively 
used  in  London  as  well  as  in  many  provincial  towns  of  medium  traffic. 
The  great  advantage  of  soft  woods,  as  has  already  been  pointed  out,  is  that 
the  initial  cost  is  less,  while,  at  the  same  time,  in  London  at  least,  the 
contractors  are  allowed  a  maintenance  allowance  ranging  from  6d.  to  Is.  Sd. 
per  yard  super,  per  year  over  the  whole  area  laid.  The  Australian  hard 
woods  have  also  made  very  considerable  progress  as  paving  materials.  The 
first  cost  of  hard  wood  pavements  is  undoubtedly  greater  than  that  of  soft 
woods,  but  the  durability  and  hygienic  qualities  of  this  class  of  paving 
material  are  such  that  it  is  replacing  granite  setts  and  the  soft  woods. 

Hard  wood  paving  laid  with  a  close  joint,  the  blocks  of  which  have  been 
previously  dipped  in  a  bituminous  composition,  wears  very  regularly  and  is 
comparatively  noiseless,  and  its  relative  position  on  this  point  in  connection 
with  other  pavements  has  already  been  given  in  the  chapter  dealing 
specially  with  hard  woods. 

452.  Asphalt  forms  an  ideal  pavement.  It  is  absolutely  impervious ;  it 
affords  no  lodgment  for  filth,  and,  as  it  retains  its  camber,  the  surface 
drainage  is  rapid  and  effective.  It  is  more  easily  cleansed  than  any  other 
pavement,  so  that^  from  a  hygienic  point  of  view,  it  stands  far  in  front  of 
all  other  pavements.  It  retains  a  smooth  surface,  and  is  preferred  by 
residents  in  streets  where  it  is  laid,  because  the  wheels  of  vehicles  passing 
over  it  make  but  little  noise. 

Unfortunately  this  otherwise  excellent  pavement,  particularly  that 
formed  with  rock  asphalt,  on  account  of  its  extreme  slipperiness  during 
certain  climatic  conditions,  is  disliked  by  horse  owners,  who,  of  course,  use 
the  streets  most.  For  this  reason  rock  asphalt  cannot  be  laid  on  steeper 
gradients  than  1  in  60.  On  comparatively  level  thoroughfares  this  defect 
can  be  greatly  diminished  by  thoroughly  washing  the  surface.  Un- 
fortunately, however,  experience  has  shown  that  it  is  practically  impossible 
in  busy  streets  to  keep  the  surface  so  clean  as  to  prevent  it  becoming  greasy 
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in  damp  weather,  and  statistics  have  shown  that  more  accidents  oocor  on 
asphalt  than  any  other  form  of  paving,  from  this  cause. 

Sanding  the  surface,  however,  is  resorted  to  at  times  to  increase  the  foot- 
hold ;  hut  this  has  a  tendency  to  wear  the  pavement,  and  ultimately  results 
in  mud  being  formed.  This  is  also  a  temporary  measure,  however,  and 
repeated  applications  of  sand  are  necessary  at  times  to  render  the  pavement 
safe  for  travel. 

The  pavements  which  give  the  longest  service  should  invariably  be 
chosen,  as,  when  other  things  are  equal,  it  is  to  be  preferred,  because  the 
renewal  of  the  pavement  in  any  of  the  principal  thoroughfares  of  a  town 
necessitates  the  closing  of  the  street,  which  causes  great  inconvenience  and 
seriously  interferes  with  business.  Although  the  first  cost  may  be  greater, 
that  which  is  most  suitable  for  the  traffic  and  the  locality  is  the  cheapest 
in  the  end,  and  has  the  additional  advantage  that  the  streets  are  less 
frequently  closed  for  renewals. 

The  concentration  of  traffic  upon  subsidiary  streets,  on  account  of  the 
renewals  to  the  main  thoroughfares,  occasions  a  state  of  disrepair  on  these 
roadways  beyond  what  would  result  from  the  ordinary  or  legitimate  traffic 

4d3.  On  the  question  of  safety  or  comparative  slipperiness  on  granite, 
wood,  and  asphalt  pavements,  the  following  table,  prepared  by  Mr.  Haywood, 
from  exhaustive  observations  made  in  187$,  on  the  accidents  to  horses  on 
carriageways  in  the  City  of  London,  is  given  * : — 


Table  LX. 

City  of  London :  Comparative  Slipperi7ies8  of  Carriageway  Pavements, 


Pavement. 

Distance  travelled  before  a  horse  fell — in  miles. 

Dry. 

Damp. 

Wet. 

Average  of 
50  days. 

Granite,       .... 

Asphalt,  compressed,   . 

Wood  (Improved  Wood  and 
Ligno  Mineral), 

78 
223 
646 

168 
125 
193 

637 
192 
432 

132 
191 
330 

His  remarks  in  connection  with  these  observations  give  interesting 
details,  and  are  as  follows  : — 

"  Slight  rain  makes  both  asphalte  (rock)  and  wood  more  slippery  than 
they  are  at  other  times.  On  asphalte  the  slipperiness  begins  almost  inmie- 
diately  the  rain  commences ;  wood  requires  more  rain  before  its  worst  con- 

*  Report  on  Accidents  to  Horses  on  Carriageway  Pavements^  by  G.  William  Hay- 
wood (1874). 


CONCLUSIONS.  4 1 5 

dition  ensues.  The  slipperiness  lasts  longer  upon  wood,  on  account  of  its 
absorbent  nature,  than  it  does  upon  asphalte;  when  dry  weather  comes 
after  the  rain,  then  asphalte  is  in  its  most  slippery  state,  and  the  horses  fall 
on  it  very  suddenly;  on  wood  their  efforts  to  save  themselves  are  more 
effectual ;  wood  also  is  frequently  in  that  peculiar  condition  of  surface  in 
which  horses  slip  or  glide  along  it  without  falling.  A  small  quantity  of  dirt 
upon  asphalte  makes  it  very  slippery;  wood  requires  a  large  quantity. 
Slipperiness  can  be  temporarily  cured  on  both  pavements  —  on  the 
asphalte  by  sprinkling  it  with  sand,  on  the  wood  by  sprinkling  it  with 
g^veL  The  result  in  both  cases  is  dirt.  The.  sand  thrown  on  asphalte 
helps  to  wear  it  out,  the  gravel  thrown  on  wood  tends  to  preserve  it. 
When  a  horse  falls  on  asphalte  it  has  great  difficulty  in  getting  up;  on 
wood  it  rises  more  readily." 

In  thoroughfares  crowded  with  traffic,  the  continual  stopping  and  re- 
starting of  heavily  laden  vehicles  is  very  trying  to  horses,  especially  when 
the  pavements  are  in  a  greasy  condition,  after  a  slight  shower  of  rain  or 
during  the  prevalence  of  fog.  Washing  the  surface  and  applying  fine  gravel 
to  a  pitched  pavement  increases  the  foothold  considerably,  while  the  same 
treatment  of  soft  wood  pavements  has  the  additional  advantage  of  assisting 
in  preserving  the  timber  by  reason  of  the  small  stones  being  crushed  into 
the  surface  and  so  indurating  it. 

454.  There  is  a  marked  difference  between  the  description  of  pavements 
employed  in  large  towns  where  the  financial  position  ensures  that  the  best 
form  suitable  to  the  locality  and  interests  of  the  inhabitants  can  be  provided, 
compared  with  those  in  provincial  towns  and  urban  districts,  where,  as  a  rule, 
the  financial  resources  are  limited.  In  the  latter,  these,  to  a  great  extent, 
restrict  the  use  of  first-class  pavements,  and  in  the  majority  of  cases  a  less 
expensive  class  of  raid  covering  is  sufficient  for  the  purpose.  Pitched 
pavements,  with  or  without  a  rigid  foundation  of  concrete,  are  generally 
adopted,  especially  in  manufacturing  towns  where  a  smooth  and  noiseless 
paving  is  not  of  much  consequence ;  and  when  the  material  is  of  a  durable 
nature  this  description  of  roadway  is  ultimately  the  most  economical, 
although  the  first  cost  may  be  considerable.  It  should,  however,  bo 
understood  that  the  cheapest  pavement  in  first  cost  is  not  always  the 
most  economical,  because  it  has  been  proved  that  the  most  suitable  for 
the  traffic  is  the  most  satisfactory  and  economical  in  the  end.  A 
heavy  annual  expediture  for  maintenance  generally  indicates  that  a 
restriction  of  initial  expenditure  in  constructing  a  carriageway  pave- 
ment has  been  the  main  object,  rather  than  suitability  and  efficiency, 
during  its  lifetime. 

In  districts  where  the  traffic  is  medium  to  light,  and  the  thoroughfares 
comparatively  level,  tar  macadam  may  be  advantageously  adopted.  It 
forms  a  smooth  impervious  pavement  when  properly  executed,  and  has  the 
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additional  advantage  that  when  suitable  material  can  be   oonyeniently 
obtained  it  can  be  constructed  at  a  comparatively  low  figure. 

Ordinary  macadam,  although  the  most  expensive  roadway  to  maintain 
where  there  is  a  heavy  wheel  traffic,  has  the  advantage  of  possessing  the 
best  foothold  for  horses.  On  light  trafficked  town  thoroughfares  a  steam- 
rolled  macadam  road  is  the  cheapest  form  of  construction,  and  when 
properly  made  with  approved  materials  little  mud  or  dust  results  compared 
with  traffic  consolidated  roads,  and  is  the  class  of  roadway  generally  preferred 
by  residents  in  suburban  districts.  Since,  however,  the  arrival  of  the 
motor  car,  involving  a  greatly  increased  speed  of  travelling,  another  factor 
has  entered  into  the  matter  of  road  construction  which  must  largely  modify, 
if  not  revolutionize,  former  requirements. 

455.  The  great  difficulty  in  comparing  one  class  of  pavement  with 
another  in  regard  to  the  durability  of  the  material  precludes  any  definite 
comparison  being  made  as  to  the  respective  lives  of  road-paving  under 
varying  conditions  or  of  their  comparative  economical  advantages.  As  this 
can  only  be  obviated  by  direct  observation,  it  is  desirable  that  such  records 
should  be  made  periodically  under  proper  regulations  and  in  a  uniform 
manner.  It  is  essential  that  a  careful  census  of  the  hoof  traffic  and  the 
wheel  traffic  be  made,  so  that  the  actual  amount  of  traffic  tonnage,  both 
fast  and  slow,  reduced  to  a  standard,  passing  over  any  street,  can  be 
accurately  ascertained  for  a  given  period ;  this  is  generally  stated  in  tons 
weight  of  traffic  per  yard  of  width  of  roadway  per  annum.  From  these 
data  of  the  actual  cost  of  construction  and  the  amount  expended  for  annual 
maintenance,  reliable  figures  for  comparison  would  be  obtained.  This 
census,  while  applicable  more  particularly  to  large  cities  and  towns,  would 
likewise  be  of  great  advantage  if  applied  to  provincial  towns  and  country 
districts  where  there  is  a  considerable  amount  of  traffic  passing  over  the 
roads.  No  doubt  the  amount  of  tonnage  would  fluctuate  considerably  at 
different  seasons  of  the  year,  especially  in  country  districts,  but  a  fairly 
accurate  record  of  the  traffic  could  ultimately  be  arrived  at. 

Many  records  have  been  kept  in  the  principal  cities  of  the  number  of 
vehicles  passing  along  a  particular  thoroughfare,  but  the  approximate 
weight  of  each  individual  vehicle  and  its  load,  and  the  width  of  the 
roadway  not  being  given,  the  information  is  obscure  and  void  of  any  real 
value,  except  perhaps  as  a  general  statement  of  facts. 

No  doubt  some  difficulty  would  arise  in  regard  to  hoof  traffic  which,  in 
many  instances,  causes  more  wear  to  the  pavement  than  the  wheels  of 
vehicles ;  still  more  definite  data  might  be  collated,  and  a  standard  adopted 
by  which  the  traffic  passing  over  a  road  could  be  calculated. 

456.  Isolated  instances  of  the  amount  of  traffic  and  the  number  of 
vehicles  passing  over  some  thoroughfares  in  London  are  recorded,  which  are 
here  given : — 
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Locality. 


WestmiDster  Bridge 
Boad,  1899. 

•I  •• 

Strand,  1890. 


Vehicles. 


8764  (west  aide)  in  12  hoora. 


8014  (east  side) 


II 


Boston  Boad,  Western 
end,  1895. 

Boston  Boad,  Eastern 
end,  1894. 


Piccadilly,  1899. 


CSieapside,  1899. 


Tottenliam  Conrt  Boad. 


1228  per  hoar  and  16,000  fh>m  8 
a.m.  to  12  midnight  Omni- 
bases  are  indnded  in  tliis  nam- 
ber,  and  vary  from  860  to  444 
per  boar  or  about  87  per  oent 
of  the  total  nomber  of  Tehidea. 

Omnibos  traffic  eqaals  772  per 
oent  of  the  total  weight  of  traffic 

Omnibos  traffic  eqaals  81*8  per 
cent  do.,  and  19  per  oent  of  the) 
total  nomber  of  vehicles.  The'. 
a?erage  number  of  omnibusesi 
traversing  Boston  Boad  is  260] 
per  hour. 

1497  i>er  hoar,  of  which  428  are 
omniboses,  beinff  eqoal  to  about 
28  per  cent  of  the  total  number 
of  vehicles. 

661  per  hour,  of  which  884  are 
omnibuses,  being  equal  to  about 
68  per  cent  of  the  total  num-  I 
ber  of  vehicles. 

661  per  hour,  of  which  487  are 
omnibuses,  being  equal  to  about 
74  per  cent  of  &e  total  number 
of  vehicles. 


Tonnage. 


884  tons  per  ft  in  width 
of  roaa  in  12  hours 
(6  a.m.  to  6  p.m.). 

283  tons     do.     da 


676,544  tons  per  yard 
in  width  per  annum. 


411,318  tons  per  yard 
in  width  per  annum. 


In  Liverpool  the  traffic  tonnage  and  annual  cost  for  maintenance  per 
square  yard  of  the  different  descriptions  of  pavement,  and  of  the  pitched 
pavements  in  particular,  have  been  recorded  since  1872,  the  material  being 
from  different  sources. 

The  following  record  (Table  LXII.)  of  street  traffic  is  the  form  adopted 
in  London. 

In  addition  to  the  amount  of  traffic  which  a  carriageway  pavement 
has  to  sustain,  the  relative  safety  of  the  different  descriptions  of  pavements 
should  be  recorded,  while  the  damage  done  to  horses,  vehicles,  and  harness, 
by  reason  of  an  irregular  surface  or  a  state  of  disrepair,  must  not  be  lost 
sight  of.  It  is  generally  admitted  that  a  pavement  with  a  smooth,  regular 
surface  means  longer  life  to  horses  and  vehicles,  the  road  surface  does  not 
wear  out  so  quickly,  and  the  cost  of  transit  is  considerably  reduced,  but  it 
is  noticeable  that  the  better  the  class  and  condition  of  the  paverckftxi^  >Xv^ 
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greater  the  amount  of  heavy  individual  loads  hauled  over  them.  This  is 
due  to  the  fact,  long  recognized  hy  surveyors  and  engineers,  that  it  is 
essentia],  in  order  that  some  at  least  of  the  high-class  paving  materials  may 
be  kept  in  good  condition,  that  they  should  be  constantly  traversed  by 
traffic.  This  has  the  effect  of  keeping  them,  so  to  speak,  'alive,'  while 
if  the  reverse  is  the  case,  climatic  influences  are  allowed  to  play  upon  them 
unhindered,  and  induce  decay.  Moreover,  the  cleansing  of  streets  where 
the  traffic  is  continuous  is  more  frequent,  and,  therefore,  more  efficient^ 
which  is  beneficial  to  the  road  surface. 

The  comparative  cost  of  the  best  paving  materials  are  given  in  Table 
LXIII. ;  the  particulars  in  each  case  have  been  given  in  the  respective 
chapters  on  these  materials. 

Table  LXIII. 

Coet  per  sq.  ^aid 

daring  the  life  of 

the  pavement. 

Sett  or  pitched  pavements,  .....  Is.  2*19d. 

Soft  wood  „  .....  2a.  2*98d. 

Hard  wood  ,,  .....  1&  6-72d. 

Asphalt  ,,  .....  2s.  4*18d. 


CHAPTER    XVL 

FOOTWAYS — PAVma  MATERIALS  FOR  FOOTPATHS,  KERBS,  CHANNELS, 

GULLIES. 

457.  Footways. — The  width  of  footways  is  generally  regulated  by  the 
width  of  the  carriageway  and  the  amount  of  pedestrian  traffic  passing  along 
the  street.  This  is  a  matter  which  should  receive  considerable  attention,  so 
that  the  relative  proportions  of  one  to  the  other  may  be  in  accordance  with 
local  requirements,  as  well  as  with  the  general  appearance  of  the  street 
In  ordinary  circumstances  the  footway  on  each  side  of  a  carriageway  may  be 
advantageously  made  Jth  to  |th  of  the  total  width  of  the  roadway ;  the  fall 
from  the  heel  of  the  path  to  the  kerb  may  vary  from  J  inch  to  J  inch  per 
foot,  according  to  the  description  of  material  used  for  paving  the  footpath. 
For  concrete  and  asphalt  the  former  fall  is  sufficient,  while  the  natural 
stones,  bricks,  and  such-like  materials  are  laid  with  the  latter  fall  or  a 
gradient  of  1  in  48. 

The  materials  of  which  the  wearing  surface  of  footways  are  made  vary 
considerably,  and  these  afford  an  opportunity  for  selecting  a  suitable  paving 
under  different  conditions  of  traffic  and  situation. 

458.  Qualities  which  Paving  Materials  should  possess. — The  qualities 
which  should  characterize  a  good  paving  material  may  be  enumerated  as 
follows : — It  should  be  durable  and  smooth  without  being  slippery  ;  it  should 
absorb  the  minimum  quantity  of  water  and  dry  quickly  after  rain  ;  it  should 
also  be  non-abrasive,  uniform  in  texture  so  as  to  wear  evenly,  easily  cleansed, 
have  a  good  appearance,  and  be  economical  in  first  cost. 

The  different  kinds  of  material  used  which  are  suitable  for  this  purpose 
are  divided  into  natural  stones  and  artificial  stones,  or  compositions,  the 
following  being  the  principal  descriptions  employed  : — 

1.  Natural  stones,  such  as  Caithness,  Yorkshire  flagging,  and  Arbroath 
pavement. 

2.  Asphalt,  standard  and  Trinidad,  tar  paving. 

3.  Concrete,  in  monolith  and  slabs. 

4.  Composite  flags. 

5.  Bricks  and  tiles. 

4ao 
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The  selection  of  the  best  material  which  will  answer  the  requirements  in 
regard  to  situation  and  heavy  pedestrian  traffic  should  be  made  only  after 
actual  trial,  although  many  of  the  properties  necessary  may  be  previously 
ascertained,  such  as  the  absorbent  powers,  the  specific  gravity,  and  the 
resistance  to  abrasion. 

A  good  foundation  is  indispensable  for  footways,  and  when  a  natural 
one  does  not  exist,  an  artificial  foundation  must  be  provided.  This  may  be 
accomplished  by  the  use  of  furnace  clinkers  or  cinders,  broken  bricks,  tiles, 
and  freestone  shivers,  with  the  addition  of  proper  drainage  to  dispose  of 
any  water  penetrating  to  the  underbed  of  the  footway.  By  using  a  suitable 
material  for  the  foundations  (which  should  be  well  rolled),  the  cracking  or 
damage  of  the  wearing  surface,  which  is  often  attributed  to  bad  workman- 
ship in  laying  it,  will  be  obviated  or  at  least  reduced  to  a  minimum. 

459.  Natural  BtODBB— Caithness  Flags. — Of  the  natural  stones  used 
for  paving  a  footway,  Caithness  flags  are  considered  the  best.  This 
description  of  pavement  is  very  durable,  wears  evenly  over  the  whole 
surface,  and  does  not  become  slippery;  it  is  impervious  to  wet,  and 
dries  quickly  after  rain;  it  is  not  affected  by  frost,  and  dust  and  dirt 
do  not  adhere  to  it  readily.  It  is  a  very  dense  materia],  does  not 
laminate,  and  can  be  easily  taken  up,  turned,  and  re-used  when  worn. 
Tiiis  description  of  paving  varies  from  1^  inch  to  2  inches  in  thick- 
ness, as  shown  in  fig.  134  ;  the  joints  are  generally  sawn,  which  facilitates 
the  expeditious  laying  of  the  pavement.  The  first  cost  is  against  its 
general  adoption  in  many  of  the  large  towns,  although  it  is  extensively 
used  in  busy  manufacturing  centres  such  as  Liverpool,  Birmingham,  South 
Shields,  and  Sunderland ;  it  is  also  much  used  in  Scotland,  especially  in 
Edinburgh,  Glasgow,  and  Aberdeen. 

Yorkshire  Flags, — These  possess  many  of  the  essentials  of  a  good 
paving  material  for  footways,  and  are  generally  made  from  2|  inches  to 
3  inches  in  thickness.  Tliis  description  of  paving  does  not  wear  smoothly, 
consequently  it  affords  a  good  foothold.  It  is  easily  worked  to  curves  or 
irregular  lines,  and  has  an  agreeable  appearance.  Like  Caithness  flags,  they 
can  be  lifted,  re-dressed,  and  used  again ;  but  the  great  drawback  to  York- 
shire flags  is  that  they  wear  unequally,  and  are  liable  to  laminate  under 
atmospheric  influences,  especially  in  frosty  weather. 

Arbroath  Pavement, — This  description  of  paving  material  is  much 
used  in  Scotland,  especially  in  the  larger  cities  and  towns.  It  varies  from 
2^  inches  to  3  inches  in  thickness,  is  of  an  agreeable  appearance,  wears 
evenly,  and  can  be  used  again  by  being  re-dressed.  The  joints  are  sawn 
square  to  the  full  thickness,  which  ensures  quick  and  accurate  laying. 

Other  natural  stones  of  the  sandstone  and  limestone  order  are  em- 
ployed locally,  such  as  Pennant,  Purbeck,  Blue  lias,  Devonian  limestone  and 
Ijazonby ;  the  latter  sandstone,  from  the  Penrith  district,  is  very  diit&V^V^ 
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and  aff(jrds  a  good  foothold,  and  the  selected  sorts  wear  very  evenly.  Granite 
slabs,  which  were  extensively  used  years  ago,  are  now  seldom  laid.  They 
are  very  durable,  but  the  multiplicity  of  joints  is  a  serious  defect,  and  they 
ahio  become  extremely  slippery.  The  slabs  are  difficult  to  dress  and  are 
very  expensive. 

Laying  Natural  Stone. — The  different  kinds  of  paving  material  for 
footways  referred  to  should  be  bedded  on  the  foundation  already  mentioned, 
with  a  layer  of  lime  mortar  evenly  and  truly  laid  with  square  joints,  which 
should  be  flushed  up  with  good  mortar. 

Life  of  Paving. — The  life  of  these  footway  paving  materials  will  of 
course  vary  according  to  the  amount  of  pedestrian  traffic.  Caithness  flags 
in  many  instances  have  been  down  for  fifty  years,  but  from  twenty-five  to 
thirty  years  may  be  considered  about  the  maximum  duration  for  them.  It 
has  been  stated  that  in  some  instances  Yorkshire  flagging  had  only  a  life  of 
from  six  to  seven  years,  but  this  was  probably  owing  to  a  soft  description 
of  stone  being  used. 

460.  Composite  Paving. — AsphalHc  Footway  Pavements. — The  method 
of  laying  rock  and  Trinidad  asphalt  is  very  similar  to  that  for  carriageways, 
which  has  been  already  described,  the  only  difference  l^eing  that  the  thick- 
ness is  reduced  to  f  inch  and  1  inch  respectively.  Owing  to  the  creeping 
tendency  on  footways  situated  on  an  incline,  the  former  description  of 
asphalts,  principally  Limmer,  Val  de  Travers,  and  Seyssel,  the  first 
possibly  being  the  best  known,  cannot  be  laid  with  advantage  owing  to  the 
tendency  to  crack  througli  this  cause.  Foundations  for  this  description  of 
footway  paving  should  ])e  of  Portland  cement  concrete,  six  to  one,  and  laid 
from  3  inches  to  4  inches  in  thickness.  The  surface  of  the  concrete  is 
smoothed  over,  and  three  to  four  days  must  be  allowed  for  it  to  set  before 
commencing  the  spreading  of  the  asphalt. 

461.  Tar  Concrete  Pa^'emcnt, — This  description  of  paving  material  is 
much  used  in  suburban  districts  where  the  pedestrian  traffic  is  light.  The 
methods  of  manufacture  and  laying  vary  considerably  in  the  different 
districts  in  which  it  is  employed. 

The  process  is  somewhat  similar  to  that  of  making  and  laying  tar 
macadam,  only  the  aggregate  used  is  much  smaller,  generally  consisting  of 
fine  gravel  or  stone  chippings.  The  stones  vary  in  size  from  1^-inch  to 
J-inch  gauge,  and  these  are  dried  by  being  heated,  a  boiling  composition 
being  added  in  the  following  proportions  : — 

12  gallons  of  tar. 
i  cwt.  of  pitch. 
2  gallons  creosote  oil. 
1  ton  of  screened  material. 

This  mixture  is  spread  in  layers,  the  largest-sized  stones  being  laid  on 
the  prepared  foundation  and  finished  with  the  smallest  class  of  material. 
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each  layer  being  compressed  by  means  of  a  hand-roller,  weighing  about  hall 
a  ton,  until  a  uniform  surface  is  obtained. 

For  really  good  work  the  material  forming  the  aggregate  should  be 
capable  of  absorbing  a  certain  amount  of  the  tar  composition,  for  which 
purpose  mountain  limestone  or  Kentish  rag  is  the  best.  If  hard  material, 
such  as  granite  or  whinstone,  be  used,  a  bumpy  surface  may  result,  which, 
besides  impeding  the  drainage,  makes  a  very  unpleasant  path  to  walk  on. 
As  in  the  case  of  tar  macadam  and  asphalt  pavements  generally,  tar  concrete 
paving  must  be  carried  out  in  dry  weather,  preferably  in  the  spring  or 
autumn,  while  the  success  of  the  pavement  will  depend  to  a  great  extent 
on  the  efficient  drainage  of  the  underbed. 

To  add  to  the  appearance  of  a  tar  concrete  paving,  white  spar  or  stone 
dust  is  thrown  over  the  surface,  rolled  in  and  finished  with  sand.  Like  tar 
macadam  for  roadways,  tar  concrete  improves  by  being  stored  for  a  few 
months  previous  to  using  it.  When  applied  under  these  circumstances,  the 
mixture  is  *  freshened '  by  the  addition  of  a  small  quantity  of  refined  tar. 

Apart  from  ordinary  repairs,  the  surface  of  a  tar  concrete  footway 
requires  dressing  occasionally.  This  is  performed  in  dry  weather  by  apply- 
ing hot  tar  to  the  surface,  which  must  be  previously  swept  clean,  and  a  layer 
of  sharp  sand  spread  over  it.  This  will  prevent  the  dressing  adhering  to  the 
feet  of  pedestrians,  and  at  the  same  time  form  a  skin  and  add  materially  to 
the  life  of  the  paving.  The  tar  for  this  purpose,  as  well  as  for  the  concrete 
mixture,  should  be  well  seasoned  or  refined  to  ensure  good  results. 

Tar  concrete  paving  is  not  suited  for  main  thoroughfares  in  populous 
centres,  the  most  suitable  localities  being  suburban  districts  and  small  towns. 
The  use  of  artificial  stone  for  paving  footways  dates  back  about  thirty  years. 

462.  Concrete  Paving. — It  may  be  carried  out  in  monolith,  and  also  by 
laying  prepared  slabs.  They  are  for  the  most  part  practically  the  same,  being 
formed  of  gravel,  broken  stone,  or  granite  reduced  to  the  size  of  pea  gravel, 
or  ^^  inch  in  diameter,  mixed  with  Portland  cement  in  the  proportion  of 
three  of  granite  to  one  of  cement. 

There  is  an  endless  variety  of  this  description  of  paving  material  made 
by  different  firms. 

During  the  last  few  years,  this  class  of  paving  material  for  footways  has 
come  into  very  extensive  use,  and  most  of  these  are  manufactured  and  laid 
in  a  similar  manner,  with  but  minor  variations. 

Pavements  laid  in  situ. — Pavements  of  this  description,  such  as  Stuart's 
granolithic,  Empire,  and  Victoria,  require  a  good  firm  foundation,  as  on  this, 
to  a  great  extent,  depends  the  future  of  the  wearing  surface  or  its  being 
able  to  withstand  the  pressure  of  the  pedestrian  traffic. 

The  gromid  is  excavated  to  a  depth  of  5  inches  below  the  finished  level, 
and  upon  this  is  spread  a  layer  about  i  inches  in  thickness  of  cinders, 
gravel,  furnace  clinkers,  broken  tiles  and  bricks,  freestone  shivers,  or  other 
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suitable  mnterial.  This  layer  must  be  properly  punned  or  rolled  and  the 
interstices  filled  up,  and  the  upper  surface  should  be  2  inches  below  the 
finished  surface  of  the  footway. 

The  pavement  is  divided  into  panels  or  bays,  varying  in  width  from  4  to 
6  feet,  separated  by  strips  of  wood.  Narrow  panels  are  necessary  to  prevent 
the  concrete  forming  cracks  transversely  when  a  sudden  change  of  tempera- 
ture takes  place,  which  has  been  the  cause  of  this  description  of  paving  being 
thrown  out  of  position  when  laid  in  situ  with  panels  of  greater  width. 

The  strip  of  wood  is  at  times  retained,  but  in  most  instances  it  is 
removed,  the  alternate  bays  or  panels  being  constructed  after  those  first 
laid  are  set  and  have  become  thoroughly  hard.  A  strip  of  roofing  felt  is  at 
times  introduced  between  the  joints  to  provide  for  expansion,  and  serves 
the  purpose  admirably,  provided  the  panels  are  not  kid  of  a  greater  width 
than  3  to  3^  feet. 

After  the  area  is  divided  into  bays,  a  layer  of  concrete  (4  to  1),  1^  inch 
to  2  inches  thick,  is  spread  and  well  punned  with  flat-headed  beaters,  and 
before  this  first  layer  is  set  a  finishing  coat  of  fine  concrete,  consisting  of  ten 
parts  of  granite  chippings,  thoroughly  washed,  to  one  part  of  Portland 
cement,  is  spread.  The  concrete  should  be  carefully  mixed,  water  being 
added  only  in  small  quantities.  The  finishing  coat  is  spread  to  about  a 
thickness  of  an  inch,  and  well  worked  to  remove  all  cavities,  the  surface 
being  then  trowelled  off  smooth.  Every  alternate  bay  is  finished  and 
allowed  to  set  properly  before  the  intermediate  panels  are  commenced.  The 
wearing  surface,  when  partially  set,  is  finished  with  an  imprint  hand-roller, 
either  making  indents  or  forming  a  grooved  or  corduroy  surface,  for  the 
purpose  of  giving  a  better  foothold.  With  some  descriptions  of  concrete 
paving  such  means  of  preventing  slipperiness  is  not  considered  necessary, 
except  on  inclines,  while  at  the  same  time  some  authorities  state  that  it 
interferes  with  the  wearing  surface  of  the  paving. 

Traffic  should  not  be  permitted  on  the  pavement  till  the  concrete  has 
thoroughly  set  and  become  hard,  and  till  then  the  pedestrian  traffic  should 
be  diverted  or  accommodated  by  placing  a  temporary  platform  of  wood  over 
the  surface.  In  hot,  dry  weather  the  concrete,  after  being  laid,  should  be 
protected  by  spreading  sand  over  the  surface,  or  by  placing  old  cement  bags, 
kept  thoroughly  wet,  on  the  pavement. 

One  objection  to  monolith  pjivement  for  footways  is  that  repairs  are 
difficult  to  make  should  the  covering  be  lifted  for  the  purpose  of  laying 
or  renewing  pipes.  The  greatest  objection  is  the  prolonged  disturbance 
of  the  pedestrian  traffic  during  the  time  it  is  being  laid  and  is  setting,  a 
serious  matter  in  a  busy  thoroughfare,  where  shops  abut  on  the  footway. 
This  class  of  pavement  should  only  be  laid  in  good  weather,  heavy  rain 
or  the  prevalence  of  frost  being  detrimental  to  its  durability, 

463.  Concrete  Slabs. — In  consequence  of  the  objections  in  connection 
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with  monolith  pavements,  concrete  slabs,  which  are  free  from  the  defects 
mentioned,  are  now  frequently  used.  Victoria  stone,  hard  York  stone,  and 
many  other  descriptions  of  concrete  slabs  are  made  in  a  similar  manner, 
and  are  formed  in  wooden  moulds  lined  with  metal,  to  facilitate  their 
being  removed  when  set.  They  are  composed  of  broken  stone,  gravel,  and 
sand  mixed  with  Portland  cement  and  water ;  in  many  cases  a  solution  of 
silicate  of  soda  is  added.  They  are  made  in  various  sizes,  the  most  useful 
dimensions  for  paving  work  being  30  inches  in  length  and  24  inches  in 
width,  and  24  inches  square  by  2  inches  thick.  The  process  of  making 
the  slabs  hard  and  dense  is  carried  out  by  most  firms  by  subjecting  the 
concrete  to  great  pressure  in  the  moulds. 

The  aggregate,  consisting  preferably  of  |-inch  granite  chippings,  washed 
to  remove  the  associated  dust,  is  thoroughly  mixed  in  a  dry  state  with 
Portland  cement,  the  proportion  adopted  being  three  of  the  former  to  one 
of  the  latter.  After  this  has  been  accomplished,  water  is  added  in  a  careful 
manner,  and  the  whole  is  mixed  until  thoroughly  incorporated.  The 
'conipo'  is  then  placed  in  moulds  and  workeil  at  the  comers  and  sides 
with  a  trowel  to  ensure  clean,  accurate  arrisses  all  round  the  slab,  and 
finished  to  a  smooth  surface.  The  moulds  containing  the  concrete  are  in 
some  processes  subjected  to  a  mechanical  movement  of  a  jolting  nature, 
which  motion  obviates  the  formation  of  air  cavities. 

The  slabs  are  removed  from  the  moulds  at  the  expiration  of  two  days, 
and  stored  for  seven  to  nine  days  in  order  to  become  air-dried,  and  then, 
should  the  process  be  adopted,  immersed  in  a  bath  containing  a  solution 
of  silicate  of  soda.  After  being  so  treated  for  a  week  or  fourteen  da^*^ 
according  to  the  capacity  of  absorption,  the  slabs  are  stacked  in  the  open 
for  some  months  to  season,  previous  to  being  used. 

Many  manufacturers  of  these  concrete  slabs  use  only  one  class  of 
granite  chippings,  which  is  produced  principally  at  the  quarries  in  Aber- 
deenshire, Bonawe,  Fumess,  Leicester,  Guernsey,  and  Quenast  (Bel^^'ium). 

Adamant  paving  slabs  are  made  of  finely  crushed  Aberdeen  granite  and 
the  finest  Portland  cement.  The  concrete,  when  properly  mixed,  is  placed 
in  moulds  and  then  subjected  to  hydraulic  pressure.  This  effectually 
disposes  of  both  air  cavities  and  moisture,  the  result  being  a  dense,  non- 
porous,  and  homogeneous  stone  or  slab,  which  can  be  handled  immediately. 
By  this  process  the  slabs  can  be  manufactured  and  laid  in  the  course  of  a 
few  days.  The  ordinary  sizes  made  are  3  feet  x  2  feet,  2^  feet  x  2  feet,  and 
2  feet  square  by  2  inches  in  thickness.  These  slabs  for  paving  footways 
are  largely  used  in  Aberdeen,  Edinburgh,  and  many  English  cities  and  towns. 

Paving  slabs  made  from  the  clinker  produced  by  refuse  destructors,  and 
mixed  with  Portland  cement,  are  extensively  used  in  certain  towns.  They 
are  not,  however,  so  durable  as  concrete  paving  made  with  granite  chippings, 
but  they  form  a  cheap  material  which  is  quite  suitable  for  footways   iiv 
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subsidiary  streets.  Pavements  formed  with  concrete  slabs  are  easilj 
cleansed,  and  being  non-absorbent,  dry  quickly  after  rain,  while  they  can 
be  expeditiously  laid,  and  they  wear  evenly. 

464.  Coticrete  Slabs  from  Refuse  Clinker — Foottoays, — A  number  of 
towns  throughout  the  country  now  manufacture  this  form  of  paving  slab^ 
and  the  method  adopted  at  Cheltenham  is  as  follows  * : — The  slabs  are  made 
under  hydraulic  pressure,  the  plant  having  been  supplied  by  Messrs.  Muskcr, 
of  Liverpool.  The  town  refuse  forms  the  fuel  for  generating  steam  to  drive 
the  machinery,  and  the  clinker  from  the  destructor  is  tlie  aggregate  used  in 
making  the  concrete  for  the  slabs.  The  hardest  of  the  clinker  is  selected, 
and  after  being  ground  in  a  mortar  mill  to  pea  size,  Portland  cement  is 
added  in  the  proportion  of  one  of  cement  to  three  of  clinker,  the  necessary 
quantity  of  water  being  applied  during  the  mixing.  This  forms  the  material 
for  the  body  of  the  slab,  the  wearing  surface  being  made  of  concrete  com- 
posed of  three  parts  fine  granite  chippings  to  one  part  Portland  cement 
The  total  thickness  of  the  slab  is  2|  inches,  and  the  granite  face  is  about 
I  of  an  inch  thick.  The  concrete  material  is  placed  in  the  mould  of  the 
machine,  and  after  being  subjected  to  a  hydraulic  pressure  of  over  a  ton 
per  square  inch  for  a  minute  or  so,  is  delivered  in  slabs  on  to  carrying  boards, 
on  which  they  are  removed  to  a  drying  shed  close  by.  After  lying  on  the 
boards  for  a  week  or  so,  the  slabs  are  stacked  in  the  open  and  allowed  to 
mature  for  at  least  six  months  before  being  removed  for  use.  A  stock  of 
about  10,000  square  yards  is  always  kept  in  hand.  The  cost  of  manufacture 
works  out  at  from  2s.  to  2s.  3d.  per  square  yard,  including  all  charges  for 
renewals,  interest  and  repayment  on  loan  account,  and  working  expenses. 
The  plant  also  produces  concrete  kerbs  12  inches  by  5  feet  long,  having  a 
bevelled  edge,  at  an  exclusive  cost  of  about  6d.  per  lineal  foot.  The  slal)s 
are  used  extensively  for  the  paving  of  the  public  footpaths  in  the  town 
(about  40,000  square  yards  having  been  laid),  and  although  they  have  only 
been  laid  a  comparatively  short  time,  there  is  every  reason  to  believe  that 
they  will  make  a  durable  and  economical  pavement. 

The  modus  operandi  is  as  follows : — Tests  having  been  previously  made 
of  the  exact  amount  of  material  which  is  necessary  to  produce  under  a 
maximum  pressure  a  block  of  the  size  required,  the  prepared  material  is 
tipped  from  a  measuring  box  into  a  mould  which  slides  into  position  in 
the  centre  of  the  machine  between  plungers  fixed  to  the  top  and  bottom 
plates.  The  pressure  is  applied  by  means  of  a  twin-rocking  pump  with 
cylinders  of  different  sizes,  1|  inch  and  |  inch  respectively.  Each  pump 
is  provided  with  two  safety  valves,  which  blow  off  at  any  desired  maximum 
pressure,  usually  at  six  and  fifty  tons  respectively.  By  this  method  the 
larger  pump  brings  the  material  to  its  work  quickly,  as  it  rises  by  J-inch 
plunges,  and  when  it  approaches  the  necessary  density  a  few  strokes   of 

•  The  Street,  28th  July  1906. 
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the  liigh-prcssure  pump  is  sufficient  to  complete  the  operation.  It  is  then 
only  necessary  that  the  valve  should  be  opened  by  a  simple  movement  of 
a  lever,  and  the  whole  of  the  water  used  flows  back  into  the  cistern  and 
is  used  over  and  over  again,  thus  doing  away  with  an  accumulator  and 
other  connections  usually  necessary.  The  whole  press  is  so  portable  and 
self-contained  that  it  only  occupies  a  space  of  about  3  feet  square  at  the 
base,  and  18  inches  extra  on  two  sides  of  the  table  for  guides  to  enable 
the  blocks  to  be  easily  withdrawn. 

At  Battersea,  where  64,000  square  yards  of  such  slabs  have  been  laid 
down  during  the  past  two  or  three  years,  the  slab  itself  is  made  to  a 
thickness  of  only  If  inch,  the  face  being  composed  of  f  inch  of  granite 
grit  and  Portland  cement  in  equal  proportions.  Several  kinds  of  granite 
grit  have  been  experimented  with,  and  experience  has  shown  that  Norwegian 
washed  grit,  not  exceeding  ^  inch  in  size,  gives  the  best  results.  The  cost 
of  making  and  stacking,  including  all  charges,  is  given  here  as  less  than  2s. 
per  square  yard.  At  Southampton,  where  clinker  slabs  have  been  laid  for 
nine  years,  the  price  is  given  as  from  28.  6d.  to  3s.  per  square  yard,  while 
Bristol  gives  the  price  as  5s.  2d.,  a  figure  which  is  no  doubt  inclusive  of 
foundation. 

The  cost  of  paving  for  footways  varies  considerably,  depending  on  the 
locality  and  the  description  of  material  used.  York  stone  varies  from  5s. 
to  12s.,  concrete  slabs  4s.  lid.  to  7s.  7d.,  and  clinker  slabs,  as  shown  above, 
from  2s.  to  5s.  2d.  per  square  yard  respectively. 

From  data  obtained  from  a  number  of  towns  and  boroughs,  and  compiled 
by  the  city  surveyor  of  Manchester,  on  artificial  stone  paving  in  comparison 
with  natural  stone,  it  appears  that  the  great  bulk  of  the  towns  applied 
to  have  adopted  artificial  stone  which  costs  less  than  the  natural,  though 
naturally  the  price  varies  considerably  with  the  locality  and  the  make 
and  thickness  of  the  stone.  Artificial  stone,  however,  is  more  subject  to 
breakage  when  lifted  and  relaid,  which  is  partly  accounted  for  by  the 
close  joints  and  the  brittle  nature  of  the  concrete.  The  average  waste  on  this 
account  is  estimated  at  about  3  per  cent.  **The  risk  of  breakage,"  says 
Mr.  de  Courcy  Meade,  "  can  be  diminished  by  jointing  the  artificial  stone 
with  lime  mortar  instead  of  cement.  The  practice  of  the  borough  surveyor 
of  Fulham  is  to  test  every  flag  by  placing  it  on  supports  2  feet  apart, 
and  subjecting  it  to  a  weight  of  one  ton  placed  in  the  centre  of  the  flag 
between  the  supports.  Artificial  slabs  are  not  found  to  he  more  injuriously 
affected  by  severe  frosts  than  natural  stone.  If  either  artificial  or  natural 
paving  is  laid  on  a  wet  foundation,  the  frost  will  penetrate  the  damp 
subsoil,  and  lift  and  probably  crack  the  material."* 

i65.  Brick  or  Tile  Paving. — Bricks  or  tiles  to  be  of  any  value  as  a 
footway  paving  require  to  be  of  hard  vitrified   stoneware.     They  do  not 

*  Vide  Surveyor,  3rd  and  10th  March  1905. 
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form  an  ideal  paving  material,  but  are  greatly  used  in  many  towns  in  Uie 
Midland  counties  of  England. 

Blue  Staffordshire  and  Buckley  bricks,  measuring  about  10  inches  x 
5  inches  x  2  inches  deep,  with  a  chequered  or  diamond  pattern  surface,  are 
those  most  largely  used ;  they  make  a  durable  pavement  when  laid  on  a 
foundation  of  concrete. 

Owing  to  the  numerous  joints,  this  paving  is  difficult  to  cleanse,  and 
when  worn  becomes  slippery  and  uneven.  The  appearance  of  brick  paving 
is  not  in  its  favour ;  it  does  not  make  a  pleasant  surface  to  walk  upon,  but 
it  is  well  suited  for  many  footways  in  the  streets  of  manufacturing  towns. 
The  bricks  can  be  lifted  and  relaid  at  small  cost,  which  is  a  point  in  its 
favour,  especially  where  the  footways  are  often  disturbed  in  introducing  or 
repairing  service  pipes  and  house  connections.  The  life  of  this  paving  is 
estimated  at  various  periods  up  to  thirty  years. 

Brick  paving  is  much  used  iu  the  United  States  as  a  material  for 
covering  footways  in  the  towns,  where  it  is  extensively  employed  for 
carriageway  pavements. 

Sanitary  Tiles. — Sanitary  tiles  for  footways  are  ma'le  in  8-inch  squares 
or  5-inch  hexagons,  and  2^  inches  thick;  they  may  be  laid  on  a  3-inch 
concrete  foundation,  or  on  a  bed  of  gravel  well  punned  and  a  layer  of 
sand.  The  blocks  are  laid  closely  together,  the  joints  being  closed  by 
compression  under  traffic.  It  affords  a  safe  foothold  for  pedestrians,  is 
smooth  and  even,  and  does  not  become  slippery  through  wear.  It  is 
practically  waterproof,  dries  quickly  after  rain,  and  can  be  quickly  and 
easily  repaired  in  all  conditions  of  weather.  It  is  stated  to  be  durable 
and  economical. 

466.  Footways  situated  in  country  districts  are  generally  formed  with 
from  4  inches  to  6  inches  of  coarse  gravel  or  freestone  chips,  and  finished 
with  fine  gravel  or  the  screenings  from  a  stone-breaking  machine.  Furnace 
cinders  are  also  used  in  districts  where  they  can  be  easily  obtained.  This 
description  of  footway  has  been  tieated  in  Chapter  VIIL ;  it  appears  to 
serve  the  purpose  very  well  when  kept  in  proper  repair.  For  suburban 
districts,  and  in  small  provincial  towns,  tar  paving  may  be  advantageously 
employed  where  suitable  materials  can  be  obtained. 

467.  Kerbs. — A  kerb  should  be  of  a  sufficient  height,  varying  from  3 
inches  to  8  inches,  except  at  crossings.  Kerbstones  of  less  height,  apart 
from  allowing  water  to  flow  over  the  footway,  would  render  it  j>ossible 
for  vehicles  to  drive  on  to  them,  while  a  greater  height  than  7  inches  or 
8  inches  is  inconvenient  for  foot  passengers. 

The  materials  used  for  forming  kerbs  are  of  various  descriptions,  but, 
for  first-class  thoroughfares  having  much  traffic,  granite,  syenite,  and 
whinstone  are  by  far  the  most  satisfactory  for  this  purpose,  and  although 
expensive  in  first  cost,  are  ultimately  much  more  economical.     The  other 
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materials  used  are  sandstone,  cement,  concrete,  vitrified  fireclay  blocks, 
cast  and  wrought  iron. 

Granite,  syenite,  or  whinstone  kerbs  are  made  in  various  sizes ;  where 
concrete  is  used  for  the  foundation  they  are  generally  laid  on  their  flat^  as 
shown  in  figs.  134  and  138,  the  usual  size  being  12  inches  by  8  inches. 
For  the  most  part  kerbs  are  made  6  inches  to  8  inches  by  12  inches ;  they 
are  never  made  less  than  4  inches  wide  and  9  inches  deep,  laid  on  edge, 
which  gives  a  sufficient  hold  in  the  ground  for  all  practical  purposes.  For 
comparatively  level  thoroughfares  the  blocks  are  dressed  rectangular,  but  for 
gradients,  or  where  they  are  likely  to  be  used  as  a  drag  for  heavy  vehicles, 
the  kerbs  are  generally  splayed  off  on  the  front  face,  as  shown  at  figs.  134 
and  138,  in  order  to  minimize  the  grinding  action  and  rough  usage  likely 
to  arise  from  the  wheels  of  heavily  laden  carts  and  wagons. 

Stone  kerbs  should  be  dressed  with  a  margin  draft  along  both  top 
edges,  and  hammer-dressed  about  6  inches  on  the  face  and  3  inches  on  the 
baek  and  to  the  full  depth  on  the  ends  or  jointing  surfaces,  while  the  top 
surface  should  be  similarly  treated,  or  the  blocks  may  be  '  nidged '  on  the 
top  and  sides  to  the  depths  mentioned.  This  ensures  a  clean,  decided 
junction  for  the  paving  material  of  the  footway,  and  presents  a  smooth  and 
well-defined  surface,  alongside  the  channel.  The  kerb-stones  should  not 
be  less  than  3  feet  in  length,  and  when  7  inches  or  more  in  width  the  upper 
surface  ought  to  be  bevelled  off,  so  as  to  conform  with  the  slope  of  the  foot- 
way, and  thereby  enable  rainwater  falling  on  the  surface  to  reach  the  gutters 
readily.  When  deep  kerb-stones  are  employed,  as  shown  at  figs.  134,  137, 
and  138,  they  are  generally  bedded  on  gravel  and  a  layer  of  sharp,  clean 
sand,  and  beaten  into  position  by  means  of  a  heavy  maul  or  beetle ;  the 
gutter  side  should  be  further  consolidated  by  using  a  cramping-iron  or  iron 
bar.  By  such  means  vacuities  are  avoided,  which,  if  they  existed,  would  in 
time  tend  to  overturn  the  kerb  towards  the  carriageway,  and  shift  it  from 
its  upright  position.  Besides  being  unsightly,  this  might  necessitate  its 
having  to  be  relaid,  entailing  additional  expenditure.  Great  care  should 
be  exercised  in  setting  out  and  laying  kerbing,  both  in  regard  to  line  and 
level,  as  there  is  nothing  more  unsightly  than  badly-laid  kerb-stones. 

i68.  Oement  Concrete  Kerbs. — These  can  be  made  in  blocks,  the  con- 
crete being  placed  in  moulds  and  manipulated  by  hand  or  subjected  to 
hydraulic  pressure,  and  laid  in  position  in  the  same  way  as  stone  kerbs, 
which  is  preferable,  or  the  blocks  may  be  made  in  situ.  In  either  case  the 
durability  of  this  class  of  kerb  depends  on  the  quality  of  the  gravel  or 
other  material  used,  and  the  cement.  This  description  of  kerb  is  generall} 
used  when  the  footway  is  made  of  concrete,  and  is  only  suitable  for  streets 
of  light  or  medium  traffic,  where  it  is  not  likely  to  receive  heavy  blows  or 
be  subjected  to  the  grinding  action  of  the  wheels  of  passing  traffic. 

469.  Fireclay  Brick  Kerbs.— Kerbs  of  this  class,  principally  of  the  blue 
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Staffordshire  description,  are  laid  in  many  subsidiary  streets  in  prorincitl 
towns.  Tlieit  chief  advantage  is  economy,  but,  like  kerbs  made  of  concrete, 
they  can  only  be  succesBfuIly  employed  in  streets  of  light  traffic.  Brick 
kerbs  are  lai^oly  used  in  the  United  States  and  Holland, 

470.  Caat-KodWroiight-IronEerbB.— This  description  of  kerb,aUhougli 
of  late  their  use  has  been  more  extended,  has  not  been  much  uaed  in  thj> 
country.  They  have,  however,  been  frequently  employed  on  the  CoutinenL 
So  far  as  the  wearing  point  or  edge  is  concerned  they  protect  the  roadway 
well,  but  their  shape  makes  them  dangerous  for  pedestrians,  owing  to  tlieir 
becoming  slippery.  The  cost  of  these,  their  shape,  and  the  difficulties  in 
laying  them  in  a  uniform  manner,  appear  to  have  prohibited  their  use  on 
an  extensive  scale      Fig   139  shows  a  cross  section  of  a  cast-iron  kerb 

The  wrought  iron  kerb  or  edgmg  la  now  eitenstvely  used  m  con 
nection  with    concrete  tn  situ    pavements      It  serves  the  purpose  very  well, 


CftonntrJ 


Via   140  — Wronght  iron  kerb  or  edging. 


and  has  a  i^mart  ^^<.]l-dcfined  appearance  It  is  ecotirmical,  especially 
where  old  irre„iikr  kerbs  e\i''t  \ihii,h  require  to  be  renewed  The  edging 
consists  cf  an  ir  n  plite  4  inches  to  12  inci  e'j  deep  and  }  inch  thick, 
jointel  1  nytndiniUy  wh  re  nuiessary  by  a  co\er  plate  fixed  on  the  foot- 
path side  of  tie  kerb  This  kerb  plate  is  plat-ed  in  po'sitmi,  aa  regards 
line  and  level  by  means  of  thin  rods  of  iron  18  inches  long  which  are 
inserted  in  the  edginf,  phte  5  feut  apart  and  prfjecting  into  the  footway. 
are  kept  rif,i  lly  in  p  siti  n  bj  being  attndied  or  anchored  to  a  batch  of 
concrete  on  tlie  top  of  the  fomiiation  wbiob  ultimately  forms  part  of  the 
under  lajor  f  the  |  ivoment  The  f>p  of  the  inn  ihte  is  fixed  Bo  that  the 
finished  level  of  the  pa\in„  material  will  correspond  with  it  Fig  140 
shows  a  cr  S3  section  of  a  wr  uf,ht  iron  kerb  or  edginj, 

471  ChaimelB  — Channels  or  gutters  are  necessary  m  connection  with 
footwaj'jand  ijirniRt.wa]s  to  re  ei\e  the  surf  ice  water  from  the  roadwiy 
and  convej  it  toward'*  the  gullies  they  also  protect  the  kerbs  from  being 
undermine!   and  irapro\e  the  appearance  of  the  street      The  channels  ire 
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sometimes  formed  to  the  same  contour  as  the  roadway,  as  shown  in  figs.  137 
and  138.  The  general  practice,  however,  when  they  are  constructed  with 
slabs  or  setts  is  to  lay  them  level  transversely,  as  shown  in  fig.  134,  to 
slightly  dish  the  upper  surface,  or  to  use  'hollow  channel,'  as  shown  in 
fig.  134.  When  streets  are  paved  with  setts,  asphalt,  or  wood  blocks,  the 
same  class  of  material  is  generally  employed  to  form  the  channels.  Setts 
and  wood  blocks  of  the  same  size  as  the  ordinary  paving  material,  and  in 
some  instances  of  less  size,  are  laid  horizontally,  instead  of  transversely, 
so  as  to  aid  the  flow  of  water  alongside  the  kerb.  The  gutters  are  made 
from  12  inches  to  18  inches  wide,  with  from  4  to  6  courses  of  blocks;  at 
times  granite  slabs  are  made  use  of  from  12  inches  to  15  inches  wide  and 
6  inches  thick,  square-dressed  on  their  abutting  faces,  so  as  to  fit  closely 
together,  the  upper  surface  being  nidged  or  tooled.  This  description  of 
material  makes  an  excellent  gutter,  but  it  is  somewhat  expensive. 

Channels  should  not  be  laid  with  a  flatter  gradient  than  1  in  300,  and 
when  practicable  they  ought  to  be  set  so  as  to  show  5  inches  of  the  kerb 
above  it,  but  of  course  this  will  depend  entirely  on  the  gradient.  On 
practically  level  carriageways  the  channel  will  vary  from  3  inches  to  7 
inches  below  the  upper  surface  of  the  kerb  in  order  to  give  sufficient  fall 
for  the  surface  water  to  drain  rapidly  towards  the  gullies.  Figs.  137  and 
138  show  the  arrangement  of  channels  for  different  descriptions  of  carriage- 
way pavements. 

At  crossings  or  intersections  of  streets  the  channels  are  raised  so  as  to 
be  nearly  on  a  level  with  the  kerb,  which  is  a  great  convenience  to  pedes- 
trians. This  arrangement,  under  certain  circumstances,  necessitates  extra 
gullies,  but  it  is  a  much  more  satisfactory  method  of  overcoming  the  diffi- 
culty, compared  with  that  of  employing  rectangular  iron  conduits  (which 
have  been  much  used  in  the  past),  besides  being  less  objectionable  as  regards 
interference  with  vehicular  traffic. 

472.  Gullies. — These  are  placed  at  certain  intervals  along  the  gutters, 
and  are  connected  with  the  sewers.  The  distance  apart  will  vary  consider- 
ably, according  to  the  gradient  of  the  carriageway,  the  nature  of  the  traffic, 
and  the  capacity  of  the  gully  itself.  They  may  be  made  of  brick,  stoneware, 
or  iron,  and  covered  with  gratings  of  cast  or  wrought  iron.  The  essential 
points  which  a  street  gully  should  possess  are : — 

1.  The  area  of  open  grating  must  be  sufficient  to  cope  with  heavy  and 
sudden  rainfalls. 

2.  The  grating  must  be  so  constructed  as  to  permit  of  the  least  possible 
obstruction  or  choking  on  its  surface  by  road  detritus,  paper,  straw,  or 
leaves. 

3.  The  gully  must  be  of  adequate  capacity  to  retain  the  road  detritus 
below  the  outlet  pipe  and  so  prevent  its  entrance  into  the  sewer. 

4.  It  should  have  a  deep-water  seal  or  trap  to  prevent  the  escape  of 
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sever  gas,  be  easily  cleaned  out,  aad  >o  conatructed  that  it  can  be  raadil; 
cleared  by  saitable  means  sbould  a  atopp^e  occur. 

6.  The  grating  should  be  such  that  it  will  form  the  least  poestble 
obstruction  to  the  trafQc,  and  on  macadamized  roads  the  outlet  pipe  of  the 
gully  ought  to  be  placed  at  such  a  depth  below  the  surface  of  the  roadira; 
that  it  will  be  secure  from  injury  by  heavily  laden  vehicles  and  steam  roUen. 


Fjos.  hi,  H2.— Sykes-  pUly  trap*. 


6.  It  should  be  constructed  of  materials  not  likely  to  be  damaged  by  the 
tools  employed  for  removing  the  detritus,  and  it  ahould  be  made  strong  and 

thoroughly  water-tight. 

In  some  cases  llie  gully  is  composed  of  granite,  stoneware  or  c.ist  iron, 
or  cast  iron  oclj,  while  the  majority  are  made  chiefly  in  stonewart\  An 
instunte  of  the  first  type  is  Ihat  of  Sykes'  (fig.  141) ;  of  the  second,  Crosui'a 


FiGH.  143  and  144. — Ames's  CroBta'a  gutlj  trap. 


(tig.  143,  144),  both  of  wiiich  are  now  well  known  and  all  extensively  used, 
while  those  uliich  are  fur  the  most  |iart  manufactured  in  stoneware  include 
Doulton's,  8ykes'  (fig.  142),  and  various  others,  all  of  which  are  of  consider- 
able merit. 

In  many  localities,  under  certain  conditions,  lai^e  gully  pits  are 
constructed  so  as  to  retain  a  consi<lerabIe  quantity  of  road  detritus. 
These,  for  the  most  part,  are  placed  in  streets  situated  on  a  gradient,  and 
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are  generally  built  of  brick  and  lined  with  cement  or  asphalt,  while  at 
timea  they  are  provided  with  double  gratings  the  size  of  the  pit  may  be 
3  feet  l^  IJ  feat  and  from  3  feet  to  i  feet  deep      Fig    145  shows  one 


Surface 


Tta.  Hi. — Section  of  (i;iilly  pit  oied  in  Liverpool. 


of  these  gully  pits  as  used  in  the  city  of  Liverpool.  It  is  constructed  of 
brickwork  lined  with  cement,  the  bottom  being  of  York  or  other  suitable 
flag,  while  the  tongue  is  made  of  similar  stone. 


CHAPTER   XVII. 

TESTING  THE  SURFACES  OF  CARRIAGEWAYS. 

478,  The  testing  of  the  surface  of  carriageways  and  macadamized  roads 
for  unevenness  may  by  some  be  regarded  as  an  unnecessary  refinement  in 
connection  with  road  engineering.  The  introduction  of  the  viagraph  has, 
however,  proved  of  great  value  in  making  autographic  records  of  road 
surfaces,  and  in  enabling  comparisons  to  be  made  of  the  unevenness  of 
di£ferent  descriptions  of  pavements.  The  records  of  the  viagraph  are  of  a 
practical  and  definite  nature,  and  indicate  with  exactitude  the  condition  of 
the  surface  of  any  roadway.  The  indices  of  unevenness  and  the  viagrams, 
or  automatically  produced  recoixls,  are  of  a  permanent  nature,  which,  being 
numbered  and  filed,  are  valuable  for  future  reference. 

The  expression,  '  like  a  turnpike  road,'  made  use  of  during  and  since 
the  coaching  days  when  indicating  the  condition  of  a  road,  in  comparison 
with  roads  generally,  signified  an  excellent  surface.  These  expressions  and 
others,  such  as  in  *  a  good '  or  *  a  bad  *  condition,  employed  by  such  exj>eri- 
menters  as  Macneill,  Morin,  Dupuit,  and  Michelin  in  their  researches  on  the 
resistance  of  road  vehicles  to  traction,  have  no  definite  or  satisfactory 
meaning.  Any  expression  formed  upon  casual  inspection  is  at  the  best  of 
a  transitory  nature,  and  totally  unsatisfactory  in  connection  w^ith  scientific 
research. 

This  desideratum  is  overcome  by  the  use  of  the  viagraph,  which  records 
the  exact  nature  of  the  road  surface,  thus  supplying  a  definition  of  its 
condition,  beyond  cavil  and  dispute,  hitherto  impossible.  The  method  of 
laying  any  particular  description  of  pavement  and  the  system  of  maintaining 
macadamized  roads  vary  considerably  in  dififerent  parts  of  the  country,  and 
that  which,  from  visual  examination,  appeam  to  be  a  fairly  well-finished 
piece  of  work  may  show,  by  the  automatic  records,  many  inherent  defects. 
For  instance,  on  asphaltic  pavements  the  contour  may  present  a  series  of 
long,  wavy  undulations. 

On  wood  pavements  the  irregularity  or  unevenness  of  surface  is  brought 
about  by  various  causes,  such  as  uneven  or  yielding  foundations,  badly 
cut  blocks,  defective  laying,  and  wide  and  irregular  joints.     The  latter  is 
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particularly  the  defect  met  with  in  sett  pavements.  In  the  case  of  macadam, 
the  use  of  irregularly  sized  road  stones  is  clearly  defined  by  the  viagraph ; 
while  improper  spreading  of  the  material  and  the  application  of  too  much 
binding  are  factors  of  great  importance  in  road  maintenance.  These  defects 
are  all  easily  detected  from  the  records  of  this  road  surface  testing 
instrument. 

The  tests  are  comparative,  and  the  particular  road  surface  tested  will  vary 
from  time  to  time  through  the  continual  wear  incidental  to  all  descriptions 
of  carriageways. 

474.  The  viagraph,  as  might  be  inferred,  consists  of  a  straight  edge 
applied  continuously  to  the  road  surface,  along  which  it  may  be  drawn  at  a 
foot  pace.  The  instrument  is  in  form  like  a  sled  with  straight  runners 
12  feet  long,  a  (fig.  146),  and  spaced  9  inches  apart,  held  rigidly  together 
by  metal  struts  b.  To  render  the  instrument  more  portable  when  not  in 
use,  it  can  be  reduced  to  half  its  length  by  folding  the  after-runners  forward 
on  hinges  provided  for  the  purpose,  at  the  centre  of  the  frame.  The 
profiling  and  the  recording  mechanism  are  mounted  on  the  frame  between 
the  runners,  and  protected  by  a  hinged  glass  cover  C.  The  contact 
working  parts  of  the  instrument,  namely  the  wheel  W  and  slider  S,  along 
with  their  levers  W^  and  S^  which  are  fixed  on  a  horizontal  pin  at  r,  are 
so  arranged  that  they  rise  and  fall,  independently  of  the  frame,  over  the 
unevcnnesses  of  the  road-surface  tested,  thereby  transmitting  the  movements 
through  the  vertical  links  d  and  the  levers  to  the  profiling  pens.  These 
working  parts  are  kept  in  close  contftct  with  the  road  by  means  of  suitable 
springs.  The  serrated  steel  wheel  W,  6  inches  in  diameter,  and  designated 
the  road  wheel,  gives,  in  traversing  a  road,  the  necessary  movement  for 
operating  the  mechanism  by  means  of  two  mitre  wheels  e,  connected  to  the 
profile  drum  /,  which  is  rotated  by  a  worm  wheel  g.  The  gearing  is  so 
arranged  that  the  periphery  speed  of  the  profile  drum  /  is  to  that  of  the 
road  wheel  as  1  to  96.  The  slider  part  of  the  instrument  S,  made  of 
hardened  steel,  is  curved  to  a  circle  corresponding  with  that  of  a  carriage 
wheel  of  average  size,  namely,  40  inches  in  diameter.  To  this  slider  may 
be  attached  a  variety  of  curved  surfaces  representing  segments  of  wheels  of 
different  diameters  and  widths  of  tyres. 

At  the  ends  of  the  levers  of  these  contact  working  parts  stylographic 
pens  h  are  fixed,  carried  on  spindles  capable  of  being  adjusted  to  any 
suitable  height  or  angle,  which  transmit  to  the  strip  of  paper  the  exact 
motions  of  the  wheel  and  slider  in  passing  over  irregularities  on  the 
surface  of  a  road.  Another  pen  »,  attached  to  a  spindle,  which  is  fixed  to 
a  bracket  on  the  side  of  the  frame,  and  capable  of  vertical  adjustment,  draws 
a  datum  line  corresponding  to  the  under  edge  of  the  runners  in  relation  to 
the  movements  of  the  wheel  and  slider.  These  pens  are  kept  in  active 
contact  on  the  surface  of  the  paper  on  the  profile  drum  by  means  of  spiral 
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springs.  The  paper  is  supplied  from  a  stock  roll  i,  and,  passing  round  the 
profile  drum  /,  is  wound  on  to  the  receiving  drum  Ar,  which  is  rotated  by 
friction  with  the  former,  and  capahle  of  adjustment  hy  means  of  a  tension 
spring  and  screw  /.  A  spring  pressing  on  the  stock  roll  maintains  the 
paper  at  its  proper  tension  as  it  is  drawn  off. 

The  result  is  an  autographic  record  of  the  road  traversed,  showing  in  a 
very  clear  and  decided  manner  the  irregularities  of  the  surface,  from  which 
can  he  ascertained  the  depths  of  the  hollows  and  irregularities. 

In  addition  to  the  profiles,  the  sum  of  all  the  depths  of  unevenness 
passed  over  is  recorded  hy  the  decimal  counters  W^  and  S^,  and  indicated 
in  feet  per  mile,  which  constitutes  the  numerical  index  of  unevenness, 
assuming  the  portion  of  road-surface  tested  to  he  of  a  typical  character. 
The  wide  range  of  these  indications,  varying  as  they  do  from  a  few  feet  to 
over  200  feet  per  mile,  gives  ample  means  of  clearly  defining  the  condition 
and  character  of  the  road  under  examination.  The  arrangements  hy  which 
these  counters  are  worked  is  hy  means  of  short  pieces  of  wire  and  chain 
attached  to  the  wheel  and  slider  respectively,  and,  working  over  pulleys  m^ 
pass  partly  round  the  recording  mechanism.  The  latter  consists  of  ratchet 
wheels  n,  0*05  inch  pitch,  with  triple  differential  pawls;  this,  therefore, 
practically  means  that  irregularities  to  the  extent  of  -^th  part  of  an  inch  are 
registered  hy  the  decimal  counters. 

In  comparing  the  unevenness  of  one  road  with  another  it  is  ohviously 
necessary  that  the  same  length  of  each  road  he  taken  as  a  unit  For  that 
purpose  a  length  of  88  yards,  being  ^^th  part  of  a  mile,  is  convenient,  and 
is  measured  off  automatically  in  using  the  instrument  hy  an  apjmratus  fixed 
inside  the  profile  drum.  This  part  of  the  mechanism  consists  of  a  two- 
armed  bracket  o,  carried  loosely  at  the  top  of  the  fixed  spindle  on  which 
the  profile  drum  rotates,  but  capable  of  being  fixed  at  any  horizontal 
position  by  a  wing-nut.  On  one  end  of  the  arm  is  a  bell  p^  and  on  the 
other  a  trigger  with  three  teeth  which  engage  successively  with  the  single 
tooth  on  the  inside  of  the  profile  drum,  and  when  the  last  contact  is  made 
the  bell  rings,  indicating  that  the  end  of  the  unit  has  been  reached. 
Suitable  hooks  are  provided  for  keeping  the  wheel  and  slider  clear  of  the 
ground  when  not  in  use. 

475.  The  adjustment  of  the  working  parts  of  the  viagraph,  before  taking 
a  profile,  is  readily  accomplished  by  placing  it  on  a  perfectly  level  surface, 
and  fixing  the  datum  pen  at  a  convenient  height  on  the  paper,  the 
others,  namely,  the  wheel  and  slider  pens,  being  fixed  so  as  to  correspond 
with  the  datum  line.  These  are  practically  permanent  adjustments,  but  it 
is  advisable  to  check  the  relative  positions  of  the  pen  points  occasionally. 
These  pens,  necessarily  of  short  length,  are  supplied  with  an  ink  reservoir 
at  one  end,  and  can  be  adjusted  to  any  position  vertically,  on  spindles 
provided  with  set  screws.     The  pens  are  kept  in  contact  with  the  paper  by 
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means  of  spiral  springs.  In  fixing  the  relative  position  of  the  wheel  and 
slider  pens,  horizontally,  it  is  necessary  to  place  the  points  ^  of  an  inch 
apart,  corresponding  with  the  lead  of  the  slider  over  the  road  wheel,  which 
also  admits  of  the  pen  points  clearing  each  other  when  in  use.  On  a  very 
good  road  surface,  however,  the  two  profiles  are  inclined  to  run  into  one 
curve,  and  when  this  is  the  case  it  is  advisable  to  place  them  ^  of  an  inch 
apart  on  the  paper,  making  a  note  of  the  fact. 

When  the  unit  length  of  88  yards  has  been  traversed,  33  inches  of 
paper  will  have  been  drawn  through,  the  result  being  a  profile  of  the  road 
surface,  or,  as  it  is  termed,  a  viagram.  The  apparatus  for  measuring  the 
distance  of  88  yards  is  set  by  placing  the  pointer  on  the  bracket  opposite 
the  single  tooth  on  the  inside  of  the  drum,  and  the  trigger  so  that  its 
position  is  at  right  angles  to  the  bracket.  The  bell  arrangement  requires 
to  be  reset  each  time  the  instrument  is  made  use  of.  Before  taking  a 
profile,  a  vertical  line  should  he  drawn  on  the  paper  and  numbered  for 
future  reference.  The  figures  on  the  decimal  counters  should  also  be  noted 
before  and  after  testing  a  unit  length  of  road,  and  carefully  recorded  in  a 
note-book,  with  the  viagram  number  and  a  description  of  the  particular 
part  of  the  road  tested.  The  scale  of  the  profile  is  ^  of  an  inch  to  1  foot 
horizontally,  and  full  size  vertically.  The  profile  of  a  road  surface,  or 
viagram,  together  with  the  numerical  indices  of  unevenness,  give  a  fair 
estimate  of  the  quality  or  nature  of  a  road  at  the  point  tested.  Fig.  147 
shows  the  viagraph  in  use  on  a  macadamized  road. 

The  slider  profile  and  index  of  unevenness  are  those  generally  made 
use  of  in  comparing  one  road  or  street  with  another,  the  road  wheel  under 
these  conditions  acting  principally  for  the  purpose  of  operating  the  gearing 
in  connection  with  the  profile  drum  and  measuring  the  unit  length  of  road 
under  test  This  arrangement  applies  particularly  to  jointless  pavements, 
when  the  indices  of  unevenness  of  slider  and  wheel  are,  in  most  instances, 
practically  the  same.  On  paved  carriageways  and  on  macadamized  roads, 
however,  the  wheel  index  of  unevenness  rises  in  proportion  according  to 
the  width  and  openness  of  the  joints  on  the  former ;  while  the  wheel  serves 
a  good  purpose  in  detecting  when  an  undue  amount  of  binding  material  is 
present  in  macadamized  roads.  The  index  of  unevenness  under  such  circum- 
stances is  abnormally  high  compared  with  a  road  the  coating  of  which 
has  been  consolidated  with  binding  sufficient  only  to  ensure  cohesion. 

476.  To  test  the  surface  of  a  road  properly  for  unevenness,  and  so 
arrive  at  a  fair  average,  it  is  necessary  to  take  three  or  more  profiles,  parallel 
to  each  other,  depending  on  the  width  of  the  thoroughfare.  It  is  also 
advisable,  in  many  instances,  to  take  the  profiles  in  a  continuous  manner  to 
ascertain  how  much  the  irregularity  of  the  surface  varies  on  di£ferent 
portions  of  the  carriageway,  such  as  on  level  parts  and  on  gradients. 

In  testing  macadamized  roads  under  the  author's  jurisdiction,  it  is  the 


438  ROAD   MAKING   AXB  MAINTENANCE.    . 

general  practice  to  take  two  or  more  continuous  viagrams  parallel  to  each 
other  for  a  distance  of  half  a  mile,  noting  the  figures  and  marking  the 
viagram  as  each  unit  length  is  reached.  By  this  means  reliable  data  are 
obtained  and  a  fair  average  arrived  at,  which  is  preferable  to  testing  an 
isolated  portion  of  a  road.  These  tests  should  be  carried  out  periodically 
to  show  the  comparative  wear  or  unevenness  during  a  given  period. 

When  the  tonnage  passing  over  a  road  can  be  ascertained,  even  approxi- 
mately, the  relative  wear  so  far  as  unevenness  is  concerned,  of  the  different 
kinds  of  road  stones,  forms  a  very  interesting  item  on  the  subject  of  road 
management.  This  arrangement  applies  especially  to  paved  streets  or 
carriageways  in  towns. 

The  irregularity  or  unevenness  of  a  road  surface  may  arise  from  various 
causes  apart  from  actual  wear,  trench  work  and  yielding  foundations  being 
factors  which  .should  be  taken  into  consideration  in  making  comparisons. 

477.  The  vitgraph  was  originally  introduced  by  the  inventor*  to 
compare  Irish  roads  with  those  on  this  side  of  the  channel,  but  the  main 
points  now  claimed  are  as  follows : — 

1.  "To  ascertain  the  condition  of  roads  at  a  distance  without  a  personal 
inspection.     Any  intelligent  man  or  boy  can  carry  out  viagraph  testing. 

2.  "  To  obtain  records  of  the  surface  of  any  road  from  time  to  time 
under  various  systems  of  maintenance,  and  to  compare  the  relative  merits  of 
such  systems. 

3.  "  To  make  comparisons  of  roads  in  other  districts  in  order  to  emphasize 
the  need  of  more  expenditure  or  a  different  treatment  in  the  surveyor's  own 
district. 

4.  "  To  keep  a  check  on  road  surveyors  or  inspectors,  by  causing  diagrams 
to  be  made  of  the  road  surfaces  in  their  respective  districts. 

5.  "  In  actions  at  law,  when  tlie  state  of  the  road  surface  is  in  question, 
to  bring  forward  definite  evidence  of  its  exact  condition. 

6.  "In  cases  of  disputes  with  contractors,  to  produce  graphic  evidence  of 
the  state  of  the  road  surface  in  support  of  the  surveyor's  contention. 

7.  "  To  make  contracts  for  the  repair  of  roads  more  definite,  by  the 
insertion  of  a  clause  to  the  eflect  that,  when  tested  by  the  viagraph,  the 
surface  must  not  show  any  rut  or  depression  of  more  than  —  inches,  nor 
any  unevenness  of  more  than  —  feet  per  mile. 

8.  "  To  assist  in  settling  claims  made  for  maintenance  between  County 
Councils  and  other  local  autliorities,  by  producing  before  the  arbitrator 
evidence  of  the  condition  of  any  road  in  question. 

9.  "To  controvert  complaints,  if  unjust,  that  may  be  made,  either  in  the 
Press  or  otherwise,  of  the  bad  condition  of  any  road ;  or  to  ascertain  if  the 
complaint  is  sufficiently  well-founded  to  need  attention." 

*  Mr.  J.  Brown,  F.R.S.,  Longhurst,  Dunmurry,  Belfast  Makere— Glentield  k 
Kennedy,  Kilmarnock. 
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It  must  be  remembered  that  these  tests  are  for  smootjiness  or  uniformity 
of  surface,  foothold  not  being  taken  into  consideration. 

478.  For  the  purpose  of  comparison  it  will  be  advantageous  to  detail 
the  different  descriptions  of  pavement  according  to  the  excellence  of  surface, 
within  a  reasonable  time  after  these  have  been  constructed  or  repaired. 
Particulars  are,  therefore,  given  of  the  jointless  or  asphalt  pavements, 
including  tar  macadam,  in  the  first  instance,  then  examples  of  wood  and 
sett  pavements.  Macadamized  roads  of  the  ordinary  construction  follow, 
and  these,  in  many  instances,  show  great  divergence  from  uniformity. 

The  less  reading  or  the  lower  the  figures  and  the  nearer  the  numerical 
indices  of  the  slider  and  wheel  agree,  the  more  perfect  is  the  surface  of  the 
street  so  far  as  regularity  or  smoothness  is  concerned.  The  method  of 
constructing  pavements,  especially  those  formed  with  joints,  and  in  the  case 
of  macadamized  roads,  di£fers  widely,  as  may  be  readily  seen  in  comparing 
the  different  results  in  Table  of  Viagraph  Tests  given  on  pp.  442,  443. 

479.  Asphalt  Pavements. — This  description  of  carriageway  pavements 
gives  practically  the  same  numerical  index  of  unevenness  for  slider  and 
wheels  consequently  the  former  is  only  given  in  the  following  tests  on 
these  pavements.  Test  No.  85,*  Cochrane  Street,  Glasgow.  This  street 
was  laid  with  Seyssel  in  1900,  and  gave  for  the  slider  an  unevenness  of 
6*7  feet  per  mile.  The  profile  of  this  street  is  shown  in  Yiagram  No.  85, 
and  is  the  best  result  yet  obtained  on  any  class  of  pavement.  The  best 
profile  previously  obtained  was  that  taken  in  Broad  Sanctuary,  London,! 
which  gave  an  average  record  for  slider  of  7*9  feet  of  unevenness  per  mile. 
Many  other  asphalt  pavements  have  been  tested  in  Glasgow,  details  of 
which  are  given  in  Table  of  Viagraph  Tests,  pp.  442^  433. 

In  Kirkgate,  Leith,  laid  with  Yal-de-Travers,  after  being  subjected  to 
heavy  and  continuous  traffic  for  six  years,  gave  the  excellent  record  of 
16*5  feet.  In  Livingstone  Place,  Edinburgh,  laid  with  concrete  in  1875, 
the  index  of  unevenness  was  34*2  feet. 

Tar  macadam  laid  in  Race-Oourse  Road,  Ayr,  April  1899,  gave  the 
creditable  result  of  7*8  feet;  while  in  Wardie  Road,  Leith,  recently  laid, 
the  unevenness  amounted  to  10*9  feet  per  mile. 

480.  Wood  Pavements. — The  ratio  of  the  indices  for  wheel  and  slider 
varies  considerably  in  pavements  formed  with  joints^  depending  not  only 
on  the  care  with  which  the  foundations  and  blocks  are  laid,  but  particularly 
on  the  method  adopted  in  forming  the  joints.  This  is  clearly  shown  in 
the  table  of  viagraph  tests. 

One  of  the  best  records  obtained  for  wood  pavements  was  in  Trinity 

*  These  test  numbers  refer  to  viagrams  in  Plate  IV. 

t  The  viagraph  tests  were  carried  out  in  London  in  February  1902,  and  the  majority 
of  the  others  in  November  1902.  Other  tests  have  been  made  from  time  to  time,  and  the 
dates  of  these  are  notified  in  the  column  of  remarks  in  Table  LXIV. 
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Street,  South wark,  London.  This  street  was  laid  with  Jarrah  in  1898,  the 
joints  being  y\  of  an  inch  wide,  and  filled  with  Portland  cement  grout 
The  profile  of  this  street,  Yiagram  No.  22, 'gave,  for  slider  index,  an  uneven- 
ness  of  7*2  feet  per  mile.  The  wheel  index  gave  an  irregularity  of  12*7 
feet  per  mile.  The  surface  of  this  street,  according  to  the  slider  index, 
may  be  looked  upon  as  excellent,  while  the  wheel  index  of  unevennesa^ 
although  not  by  any  means  inordinate,  is  decidedly  high  compared  with 
the  record  of  the  slider.  In  Hampstead  Road,  St.  Pancras,  London,  laid 
with  Jarrah  in  1 900,  with  ^  of  an  inch  joint  and  grouted  with  pitch  and 
creosote  oil,  the  index  of  unevenness,  after  eliminating  depression  caused 
by  *  trench  crossing/  for  slider  and  wheel  were  similar,  namely,  9  feet  per 
mile.  This  is  a  unique  result,  and  clearly  indicates  that  the  close  pitch 
joint  is  practically  equal  in  resistance  to  the  wood  blocks  forming  the 
pavement,  which,  by  this  method  of  testing  road  surfaces,  proves  that  the 
description  of  joint  mentioned  is  superior  to  that  used  in  Trinity  Street, 
described  above. 

In  Princes  Street,  Edinburgh,  taken  in  front  of  the  North  British 
Station  Hotel,  the  unevenness  amounted  to  11  '6  feet  for  the  slider  index, 
the  wheel  record  being  13*8  feet  per  mile.  This  part  of  the  street  was 
laid  with  Karri  in  1902,  the  joints  being  formed  of  ^  of  an  inch  studs 
and  grouted  with  Portland  cement  mortar.  Dififerent  streets  paved  with 
wood  were  tested  in  Edinburgh,  the  results  for  unevenness  and  other 
details  being  given  in  Table  LXIV.  It  is  noticeable  that  all  the  joints  in 
this  cliuss  of  pavement  tested  in  Edinburgh  are  formed  with  J-inch  studs 
and  filled  with  Portland  cement  grout. 

In  Biicbauau  Street,  Glasgow,  laid  with  Jarrah  in  1902,  the  record  of 
unevenness  for  slider  was  19  feet,  while  in  a  portion  of  a  similar  pavement 
in  the  same  street,  but  laid  three  years  previously,  the  irregularity  amoiinted 
to  3 11  feet  per  mile. 

In  the  Strand,  London,  opposite  Charing  Cross  Post  Office,  laid  wiih 
creosotcd  deal  in  1901,  the  record  of  unevenness  was  20*3  feet  for  slider 
and  29*2  feet  for  wheel  per  mile. 

From  time  to  time,  trial  sections  of  different  descriptions  of  wood  blocks 
used  for  paving  purposes  have  been  laid  in  several  cities  and  towns  for 
comparison  in  regard  to  wear  and  cost. 

A  striking  illustration  of  this  kind  is  produced  in  Viagram  No.  14,  which 
shows  a  profile  of  a  portion  of  High  Street,  Kensington,  London.  In  this 
case  creosotcd  deal  is  laid  on  either  side  of  a  length  of  American  Red  Gum 
wood.  These  different  wood  blocks  were  laid  at  tlie  same  time,  September 
1899  (since  removed  and  relaid),  and  consequently  had  been  subjected  to 
the  same  description  and  amount  of  wheel  traffic.  The  creosotcd  deal  gave 
an  average  for  slider  index  of  33*4  feet,  while  that  of  the  American  Red 
Gum  showed  an  unevenness  of  757  feet  per  mile.     American  Red  Gum, 
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laid  in  Whitehall  in  1901  (Viagram  No.  100),  gave,  two  and  a  half  years 
later,  an  unevenness  of  52*5  feet  for  slider  and  63'3  feet  for  wheel  per 
mile.  This  is  excessive  for  a  wood  pavement  under  traffic  during  so  short 
a  period.  The  comparison  is  very  unfavourable  to  Red  Gum,  a  class  of 
wood  pavmg  extensively  made  use  of  some  years  ago  in  London ;  for  the 
most  part,  however,  this  description  of  wood  blocks  has  been  lifted  and 
more  suitable  kinds  substituted. 

In  testing  a  paved  street  in  Fulham,  London,  laid  with  dowelled 
creosoted  deal  blocks  in  1894,  the  comparative  uniformity  of  wear  or 
unevenness  of  surface  was  exemplified.  As  the  whole  pavement  was 
executed  at  the  same  time,  and  consequently  subjected  to  the  same  amount 
of  traffic,  the  results  are  of  some  interest  to  municipal  engineers  and  others. 
The  portion  of  creosoted  deal,  laid  in  the  usual  manner,  gave  a  record  of 
33*75  feet  of  unevenness  for  slider,  while  on  the  portion  formed  with 
dowelled  blocks  the  irregularity  was  only  24  feet  per  mile.  This  system  of 
wood  paving  has  been  extensively  employed,  as  on  the  Tower  Bridge 
roadway  and  at  the  Great  Central  Railway  Terminus,  London,  and  other 
places,  with  marked  succe.'^s. 

Other  wood-paved  streets  have  been  tested  in  various  parts  of  London, 
particulars  of  which  are  given  in  the  Table  of  Tests,  pp.  442,  443. 

481.  Sanitary  Blocks. — This  description  of  pavement,  which  is  practi- 
cally jointless,  was  tested  in  Eaton  Square,  London,  and,  contrary  to  expecta- 
tion, considering  the  nature  of  the  material,  the  results  were  disappoint- 
ing. The  slider  index  showed  20*7  and  the  wheel  record  31*5  feet  of 
unevenness  per  mile.  This  pavement  had  not  been  laid  very  long  previous 
to  the  test  being  made. 

i82.  Sett-Paved  Streets.  —  As  might  be  anticipated,  this  class  of 
pavement  does  not  give  a  good  example  of  a  smooth  or  uniform  surface 
as  tested  by  the  viagraph,  although,  from  the  jtoint  of  view  of  actual  wear 
under  heavy  traffic,  certain  granites  are  unequalled. 

In  order  to  make  the  comparisons  with  other  descriptions  of  paving 
material  as  complete  as  possible,  several  profiles  have  been  taken  of  this 
description  of  paved  street,  principally  in  Glasgow.  In  Grove  Street,  laid 
with  square  blocks  in  1888,  the  record  of  unevenness  for  slider  was  36  feet 
and  43*6  feet  of  irregularity  for  the  wheel  index ;  while  in  Cedar  Street,  laid 
in  1902,  the  slider  gave  53*7  feet  and  the  wheel  98  feet  of  unevenness  per 
mile.  In  Wilson  Street,  from  Brunswick  Street  towards  Candleriggs,  laid 
with  granite  blocks  previous  to  1886,  a  proBle  of  which  is  sliown  in 
Viagram  No.  84,  the  index  of  unevenness  for  slider  was  104*1  feet,  while 
the  wheel  record  gave  the  extremely  high  figure  of  206*1  feet,  respectively, 
per  mile.  The  portion  of  this  street  tested  had  be^  repeatedly  opened  for 
laying  and  repairing  water  mains  and  other  service  pipes,  and  is  probably 
not  a  fair  example  of  this  class  of  pavement.     It  certainly  shows^  how^N^\^ 
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what  the  condition  of  a  thoroughfare  may  fall  into,  resulting  in  a  great  Ices 
of  tractive  power  in  hauling  loads  when  subjected  to  such  disturbances, 
while  these  great  depressions  also  lead  to  conditions  of  an  insanitary  character. 
The  sett  paving  of  this  street  has  recently  been  lifted  and  laid  with 
asphalt. 

483.  Macadamized  BoadB. — ^Yery  variable  results  have  been  obtained 
on  macadamized  roads.  This  is  accounted  for  in  a  measure  by  the  method 
in  which  repairs  are  executed,  gauge  of  i-oad  stones  employed,  quantity  and 
description  of  binding  used,  and  whether  the  repairs  have  been  recently 
carried  out  or  the  length  of  time  the  roads  have  been  subjected  to  heavy 
wheel  traffic. 

Roads  of  this  class  should  l)e  tested  under  normal  conditions  of  weather 
for  comparison  with  carriageways  formed  of  other  descriptions  of  materials. 
After  long-continued  rains  or  during  a  thaw  after  a  spell  of  frosty  weather, 
especially  if  the  road  crust  has  been  previously  in  a  wet  condition,  the 
results  are  abnormal  and  not  reliable  for  fair  comparison.  The  results  of 
tests  under  these  conditions,  however,  compared  with  those  existing  when 
in  a  sound  state  of  repair,  disclose  an  enormously  greater  tractive  effort 
necessary  to  haul  loads  over  nominally  the  same  roads. 

The  unevenness  of  the  surface  of  macadamized  roads  may  vary  from 
20  feet  per  mile  for  slider,  which  may  be  considered  an  excellent  result,  to 
150  feet,  or  even  more,  a  numerical  figure  for  wheel  index  by  no  means  un- 
common. The  ratio  between  the  slider  and  wheel  indices  are  more  variable 
on  macadamized  roads  than  on  streets  paved  with  asphalt,  wood,  or  other 
similar  materials.  This,  in  many  instances,  indicates  that  metal  of  too 
large  a  gauge  or  of  irregular  sizes  has  been  used,  or  binding  in  excessive 
quantities  has  been  applied.  When  metalling  of  a  regular  and  uniform 
size,  and  of  a  gauge  capable  of  passing  through  a  2J-inch  ring,  and  con- 
solidated by  rolling  with  an  amount  of  binding  just  sufficient  to  preserve 
cohesion  is  adopted,  then  the  ratio  of  the  slider  and  wheel  indices  agree 
within  reasonable  limits.  On  the  other  hand,  large  or  irregular-sized  stones? 
and  large  quantities  of  binding  give  a  very  variable  contour,  amounting 
in  some  instances  in  the  ratio  for  slider  and  wheel  index  of  1  to  5.  In 
the  latter  case  there  will,  in  all  probability,  be  a  great  accumulation  of 
mud  on  the  surface  in  wet  weather  and  large  quantities  of  dust  in  fine 
weather. 

Some  good  examples  of  macadamized  roads  have  been  recorded  in 
various  centres,  and  a  few  of  these  tests  will  now  be  given. 

In  Stirling  Road,  Trinity,  Leith,  the  average  unevenness  of  a  number 
of  tests  was  20*5  feet  for  slider  and  33*4  feet  for  wheel.  In  Prestwick 
Road,  Ayr,  repaired  two  months  previous  to  testing,  the  slider  index 
showed  24  feet  and  the  wheel  52*4  feet  of  unevenness  per  mile;  while  in 
Bloomfield  Road,  after  two  years'  wear,  the  irregularity  was  for  slider  31 -.5 
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and  for  wheel  51*9  feet  per  mile.  In  Bath  Street,  Glasgow,  the  irregularity 
was  found  to  be  35*4  and  64*2  feet  respectively,  and  in  St.  George's  Road 
the  unevenness  for  slider  index  amounted  to  48*8  feet  and  for  wheel 
90*1  feet  per  mile  six  months  after  being  repaired.  In  Edinburgh,  some 
profiles  were  taken  in  Kilgraston  Road  and  Whitehouse  Loan ;  the  irregu- 
larity of  surface  for  these  roads  varied  from  35  to  57  feet  for  slider  per 
mile.  These  roads  had  been  repaired  one  or  two  months  previous  to  being 
tested 

In  Fifeshire,  near  Strathmiglo,*  two  half-mile  sections  of  road  were 
tested  three  months  after  being  repaired,  by  continuous  full- width  coatings 
and  consolidated  by  rolling;  the  average  numerical  index  of  unevenness 
for  slider  amounted  to  18*5  feet  and  for  wheel  30*1.  Yiagram  No.  50 
shows  a  portion  of  this  road.  Profiles  of  a  simikr  nature  were  taken  on 
the  Exlinburgh  road,  near  Cupar,  eighteen  months  after  being  repaired,  as 
described  in  the  previous  test,  and  the  average  record  of  unevenness 
amounted  to  23*7  feet  for  slider  and  35*4  feet  for  wheel  per  mile.  The 
records  of  these  two  -roads  have  been  taken  regularly ;  the  latest  particulars, 
including  the  indices  of  unevenness,  recorded  recently,  are  given  in  the 
Table  of  Tests,  pp.  442,  443.  Viagrams  Nos.  31  and  40  show  the  profiles  of  a 
road  at  Freuchie,  previous  to  and  after  being  repaired  respectively;  the 
records  of  unevenness  and  other  particulars  are  given  in  the  Table.  In  test- 
ing a  macadamized  road,  on  Kinross  road  near  Cupar,  repaired  by  the  process 
described  in  Chapter  VIII.,  p.  310,  and  which  may  be  referred  to  here  as 
tarred  macadam,  the  record  of  unevenness  after  one  year's  wear  amounted 
to  12*0  feet  for  slider  and  12*7  feet  for  wheel  per  mile.  The  profile  of 
this  road  surface  is  shown  in  Yiagram  No.  133. 

The  author  has  also  taken  viagraph  profiles  of  macadamized  roads  in 
the  north  of  Ireland,  a  few  particulars  of  which  may  be  given  for 
comparison. 

Generally  the  condition  of  the  roads  in  counties  Down  and  Antrim 
are  not  all  that  can  be  desired,  and  with  an  ample  supply  of  suitable 
material  for  repairs  it  is  strange  how  the  need  of  good  roads  has  not  been 
recognized  long  ago.  Probably  the  system  of  executing  the  repairs  is  at 
fault,  and  it  may  be  that  the  want  of  money  has  a  great  deal  to  do  with  the 
condition  of  the  highways.  Steam  rollers  have  now  been  introduced,  and 
the  proper  use  of  these,  together  with  such  other  modem  appliances  and 
systems  as  may  be  introduced  for  economically  supplying  road  material  in 
large  quantities,  will  tend  to  bring  about  an  improvement  in  the  quality  of 
the  roads  in  the  immediate  future. 

The  best  result  obtained  around  Belfast  was  on  the  Lisburn  road, 
where  the  index  of  unevenness  for  slider  gave  27*8  feet  and  for  wheel 
90*5  feet  per  mile.     This  portion  of  road  was  reconstructed  some  time  ago, 

*  These  roads  are  under  the  author's  charge. 
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and  ought  to  have  shown  a  better  wheel  record,  but  the  probability  is  that 
too  much  binding  material  was  used  in  consolidating  the  road  metal. 
Viagram  A  *  gives  a  profile  of  a  portion  of  this  road  previous  to  reconstruc- 
tion, while  Viagram  Xo.  1 30  shows  its  condition  some  time  after  being 
repaired. 

Most  of  the  other  roads  tested  vary  in  extent  of  unevenness  between 
that  of  No.  130  to  the  condition  of  the  road  shown  in  Viagram  No.  115  at 
Mountview,  on  the  Belfast  and  Carrickfergus  road.  The  index  of  uneven- 
ness for  slider  gave  48*2  feet  and  the  irregularity  for  wheel  index  was 
168*8  feet  per  mile. 

To  illustrate  more  particularly  the  baneful  effects  of  using  too  much 
binding  in  consolidating  macadamized  roads,  Viagram  No.  19  may  be  cited. 
The  portion  of  road  tested  was  on  the  Victoria  Embankment,  London, 
from  Charing  Cross  Railway  Bridge,  eastwards,  three  weeks  after  the  road- 
way had  been  metalled  and  rolled.  The  slider  index  of  unevenness  in  this 
case  was  49 '6  feet  and  that  of  the  wheel  index  151*0  feet  per  mile.  The 
system  of  repairing  this  roadway  has  now  been  modified,  in  so  far  that  only 
about  one-half  of  the  former  quantity  of  binding  is  applied,  with  corre- 
spondingly good  results.  Viagraph  tests  would  undoubtedly  now  give  better 
results,  a  natural  expectation  under  the  altered  circumstances.  This 
profile  also  shows  the  effect  of  a  paved  crossing  on  a  macadamized  road. 

484.  These  autographic  records  show  that  asphalt  pavements  provide 
excellent  results  in  the  matter  of  evenness  of  surface.  The  hard  wood  pave- 
ments, especially  Jarrah  and  Karri,  are  nearly  equal  to  asphalt,  and  are 
immeasurably  superior  to  creosoted  deal.  The  Australian  hard  woods  and 
also  creosoted  deal  are  equally  superior  to  American  Red  Gum. 

The  tests  on  the  latter  pavements  show  that,  even  after  being  newly 
laid,  the  comparison  is  not  favourable  to  the  Red  Gum,  and  the  rapidity  of 
wear,  or  rather  the  irregularities  of  the  surface,  become  very  marked  after 
being  quite  a  short  period  in  actual  use.  This  is  instanced  by  tests  in  Great 
George  Street,  London,  which  were  taken  at  exactly  the  same  spot  at  an 
interval  of  two  years.  It  is  also  fully  exemplified  by  Viagram  No.  100, 
which  was  taken  three  years  after  the  Red  Gum  was  laid.  This  wood 
pavement  has  now  been  lifted  (September  1906)  and  the  carriageway 
laid  with  creosoted  deal.  The  former  had  only  been  down  five  years, 
rather  a  short  life  for  a  wood  pavement  represented  as  a  hard  wood. 

As  has  been  mentioned,  sett-paved  streets  do  not  give  good  viagraph 
results.  A  regular  and  fine  surface  are  not  claimed  for  this  description  of 
pavement,  superior  wear  and  good  foothold  for  horses  being,  under  certain 
weather  and  traffic  comlitions,  probably  of  more  value  than  actual 
smoothness  of  surface  in  certain  localities. 

On  macadamized  roads  the  results  of  the  tests  made  by  the  viagraph 
*  Viagraphed  by  Mr.  J.  Brown,  F.R.S.,  Belfast,  the  inventor. 
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vary  very  much.  The  length  of  time  under  traffic  and  the  unequal  wear 
and  rounding  of  the  stones,  and  also  the  proportion  of  soft  to  hard  material 
in  the  erust  of  a  road,  influence  the  regularity  of  the  surface  and  give 
remarkable  diffei*ence8,  as  shown  by  the  numerical  index  in  the  Table  of 
Tests.  Viagrams  Nos.  40  and  50  give  a  fair  average  of  a  good  road  in  regard 
to  these  differences  compared  with  the  road  shown  in  Viagram  No.  19,  or 
that  at  Carrickfergus,  No.  115. 

These  latter  give  a  clear  indication  of  an  abnormal  amount  of  binding 
or  soft  material  in  the  road  which  is  likely  to  produce  large  quantities  of  dust 
in  fine  weather  and  mud  in  wet  weather.  Roads  but  recently  repaired, 
the  road-stones  of  which  are  of  a  large-sized  gauge,  and  which,  of  course, 
require  a  comparatively  large  amount  of  binding  for  the  purpose  of  con- 
solidating the  coating,  also  give  a  high  index  of  irregularity,  as  indicated 
in  the  test  on  Kilgraston  Road,  Edinburgh.  The  Lisbum  Road,  Viagram 
No.  130,  shows  a  good  surface  for  the  slider  index  but  an  exceptionally 
high  result  for  the  wheel,  which  is  no  doubt  caused  by  the  abnormal  amount 
of  binding  used  when  the  road  was  repaired. 

485.  In  considering  these  various  viagraph  tests,  it  would  appear 
necessary,  owing  to  the  great  divergence  from  a  perfectly  plane  surface,  to 
adopt  a  standard  of  excellence  for  paved  streets  and  also  for  macadamized 
roads.  A  long  and  varied  experience  in  using  the  viagraph  has  led  the 
author  to  fix  for  asphalt,  wood,  and  other  such  pavements  a  numerical  slider 
index  of  unevenness  up  to  20  feet  per  mile  as  a  standard  of  excellence,  and 
for  macadamized  roads,  under  normal  conditions  of  weather,  up  to  35  feet 
per  mile.* 

The  limit  to  which  the  irregularity  of  surface  of  a  road  or  street  should 
be  permitted  to  go  previous  to  being  repaired  is  more  difficult  to  determine. 
Various  considerations  enter  into  the  question,  such  as  whether  the  roads 
are  of  an  important  nature,  the  description  of  traffic  accommodated,  and 
other  circumstances.  What  may  be  considered  a  fairly  good  surface  in  one 
particular  locality  may  be  looked  upon  in  others  as  in  bad  condition,  so  that 
if  anything  like  uniformity  of  practice  is  to  be  of  service  to  the  general 
public,  a  certain  limit  should  be  placed  on  the  amount  of  unevenness  of  the 
surfaces  of  thoroughfares  when  it  is  imperative  that  repairs  should  be  made. 

Asphalt  pavements  seldom  fall  into  a  very  bad  condition,  as  repaios 
can  be  readily  executed  on  this  kind  of  surface.  It  is  different  with  wood 
pavements,  as  generally  the  whole  of  the  blocks  have  to  be  lifted  and 
repaired  with  new  material.  It  often  happens  that  this  description  of 
pavement  remains  longer  in  use,  with  an  extremely  rough  and  irregular 

*  The  numerical  index  of  unevenness  given  in  the  first  edition  of  this  work  was 
obtained  by  the  old  viagraph  with  frictional  drive,  which  is  superseded  in  the  new 
instrament  by  ratchet  wheels  and  pawls.  The  index  of  unevenness  is  greater  in  the 
present  viagraph,  but  correct  ratios  cannot  be  given. 
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surface,  than  the  requirements  of  the  general  traffic  demand.  Hie 
excessive  unevenness  and  wide  joints  of  sett  pavements  almost  preclude 
classification. 

Macadamized  roads  also  vary  much  in  unevenness,  according  to  the 
climatic  conditions  experienced  throughout  the  year,  which  are  more  erratic 
in  some  parts  of  the  British  Isles  than  in  others. 

In  all  prohability  the  limit  of  unevenness  in  paved  streets  might  be  fixed 
at  30  to  35  feet  for  slider  per  mile,  while  the  ratio  of  the  wheel  index  does 
not  exceed  5  to  2  of  the  standard  of  excellence.  When  the  slider  index  of 
irregularity  on  macadamized  roads  exceeds  50  feet  of  unevenness  per  mile, 
and  a  ratio  between  the  wheel  index  approaches  5  to  2  of  the  standard  of 
excellence,  then  the  necessity  of  carrying  out  repairs  should  be  considered. 

These  scales  of  smoothness  and  of  irregularity  may  appear  in  some 
instances  too  exacting,  but  when  the  cost  of  traction  is  considered  in 
connection  with  the  unevenness  of  streets  and  roads  generally,  it  would 
appear  that  still  further  demands  may  be  made  in  this  direction. 

Uniformity  and  smoothness  of  surface  are  essential  if  a  noiseless  and 
durable  pavement  is  required. 

486.  The  irregularity  of  surface,  to  any  great  extent,  causes  vibration 
and  unnecjessary  friction,  adds  to  the  discomfort  of  travelling,  creates  extra 
wear  and  tear  on  vehicles,  and  entails  additional  work  on  the  prime  mover, 
and  is  a  direct  means  of  still  further  damaging  the  road  surface  by  the 
concussion  of  the  wheels  of  vehicles. 

On  referring  to  Viagram  No.  85,  the  index  of  irregularity  for  slider, 
namely,  6*7  feet  per  mile,  represents  a  gradient,  assuming  the  thoroughfare 
to  be  level  horizontally,  of  1  in  758,  which  inclination  may  be  considered  a 
negligible  factor  in  hauling  loads.  Taking  the  case  of  test  No.  85,  however, 
it  will  be  found  that  the  index  of  unevenness  represents  in  effect,  on  a 
practically  level  road,  an  artificial  hill  interposed  by  the  bad  state  of  the 
surface,  representing  a  gradient  of  1  in  50  made  up  of  irregularities  alone. 
Assume  that  such  an  irregular  surface  was  situated  on  a  rising  gradient  of 
1  in  50,  then  the  unevenness  of  the  surface  would  practically  convert  that 
gradient  into  1  in  25. 

Apart  from  the  jolting  and  lateral  swinging  action  of  vehicles  against 
horses  on  such  a  rough  surface,  an  additional  efi*()rt  has  to  be  put  forward  by 
the  prime  mover  in  overcoming  not  only  the  natural  but  also  the  additional 
imposed  artificial  gradient. 

The  shocks  and  strains  experienced  by  steam  wagons,  motor  cars,  and, 
indeed,  all  kinds  of  vehicles  on  irregularly  paved  streets,  or  on  rough 
macadamized  roads,  are  very  great,  and  the  earning  value  of  these  vehicles 
are  considerably  decreased  compared  with  those  travelling  over  roads 
oflbring  a  fairly  regular  surface. 

487.  In  connection  with  the  experimental  investigations  of  a  committee 
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of  the  British  Association  appointed  some  years  ago  in  regard  to  "The 
Resistance  of  Road  Vehicles  to  Traction,"  the  viagraph,  in  addition  to  the 
special  instruments  necessary  for  these  investigations,  is  made  use  of  for 
recording  the  exact  nature  of  the  road  surface.  This  supplies  a  definition 
of  the  condition  of  the  experiment  (hitherto  impossible),  and  provides  what 
was  a  latent  defect  in  the  researches  of  early  experiments  on  this  interesting 
subject 
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CHAPTER     XVIIL 

SUBWAYS. 

488.  The  importance  of  the  construction  of  subways  or  conduits  under 
the  street  level  of  our  large  towns,  for  the  reception  of  gas  and  water  mains, 
electric  wires  and  other  conductors,  so  as  to  obviate  the  almost  daily  breaking 
up  of  the  street  pavements  in  order  to  lay  new  pipes,  discover  and  repair 
leakages,  or  for  other  purposes,  is  a  subject  of  considerable  public  interest ; 
in  fact,  the  necessity  of  constructing  subways  is  becoming  a  most  pressing 
question  at  the  present  time. 

There  is  also  the  possibility  of  subsidences  through  leaking  or  bursting 
of  water  mains,  and  explosions  through  the  same  cause  in  gas  pipes^  to  be 
considered,  besides  the  monetary  loss,  which  cannot  be  easily  determined. 

This  subject  has  received  a  large  amount  of  attention  from  time  to 
time,  and  since  the  first  edition  of  this  work,  a  move  has  been  made 
in  the  direction  indicated.  During  the  last  few  years  the  construction 
of  high-level  viaducts  and  tunnels  or  subways  has  been  proposed, 
in  addition  to  forming  new  as  well  as  widening  existing  tliorough fares 
at  important  points,  as  a  solution  of  the  congestion  of  street  traffic  in 
London. 

The  ever-increasing  pedestrian  traffic  has  likewise  received  attention; 
foot  bridges  over  the  carriageways,  and  subways  with  a  flight  of  steps 
leading  to  the  pavements  at  important  street  crossings,  have  been  proposed, 
the  latter  being  the  method  adopted  in  connection  with  the  Central  London 
Railway  Scheme  in  the  open  space  in  front  of  the  Mansion  House,  which 
point  has  been  aptly  described  as  the  *  heart  of  the  city.' 

The  necessity  for  subways  is  evident  when  it  is  considered  that  any 

examination  or  periodical  inspection  of  the  existing  mains  to  ascertain  their 

condition  is  otherwise  impossible,  especially  where  many  are  placed  under 

the  roadways,  and  it  is  only  when  undetected  leakages,  which  may  have 

existed  for  a  long  period,  become  apparent  that  measures  are   taken  to 

discover  and  remedy  the  evil.     Under  the  circumstances,  the  only  recourse  is 

to  break  up  the  street  pavement,  an  operation  which  may,  in  many  instances, 
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extend  over  a  considerable  area  of  the  thoroughfare,  and  involve  a  large 
expenditure  as  well  as  great  inconvenience. 

In  large  cities  and  towns  the  annual  cost  incurred  in  tracing  and  making 
good  the  leakage  of  water  and  gas  mains  and  connections,  and  the  loss 
thereby  entailed  by  different  public  companies,  must  be  considerable,  while 
the  deterioration  of  the  pipes  which  must  necessarily  take  place  when 
situated  in  subsoils  of  a  variable  nature  is  also  a  serious  matter.  The 
expenditure  thus  incurred  must  be  enormous  when  taken  coUectively,  and 
must  not  be  overlooked ;  although  when  divided  among  several  companies 
it  may  not  appear  such  a  formidable  figure. 

It  is  stated  that  in  London  many  of  these  leakages  cost  from  20s.  to 
X20  to  discover,  exclusive  of  the  actual  repairs  to  the  water  or  gas  mains 
or  other  connections  placed  under  the  ground.  The  estimate  of  the  City 
Engineer,  Westminster,  in  connection  with  trenching  operations  and 
reinstating  the  paving  shows  that  this  work  costs  the  companies  concerned 
between  £20,000  and  £30,000  each  year  in  that  city. 

The  number  of  openings  for  access  to  pipes,  etc,  in  London  must  be 
considerable.  The  recorded  openings  of  streets  by  public  companies  and 
others  for  1905,  in  six  of  the  Metropolitan  boroughs,  numbered  23,324, 
and,  by  a  simple  calculation,  assuming  the  average  in  the  others  to  be  the 
same,  this  represents  over  112,000  openings  of  streets  in  the  Metropolitan 
area  each  year.  From  this  statement  it  appears  that  these  figures,  taken  in 
conjunction  with  the  congested  traffic  in  the  Strand,  which  circumstances 
apply  to  many  leading  thoroughfares  in  other  districts  of  the  Metropolis, 
not  only  present  the  most  difficult  problem  to  deal  with,  but  also  indicate 
the  extent  of  the  advantages  which  would  be  conferred  by  introducing 
facilities  for  obviating  tliis  constant  breaking  up  of  the  streets. 

The  reinstated  paving  over  trenches  invariably  subsides  to  a  certain 
extent,  necessitating  repairs  at  varying  periods  to  restore  the  portion  of 
road  affected  to  its  proper  level,  and,  apart  from  the  cost  of  doing  this, 
amounting  to  thousands  of  pounds  annually,  the  surface  through  these 
irregularities  adds  to  the  general  uneveuness  and  shortens  the  life  of  the 
pavement.  This  irregular  surface  also  adds  to  the  effort  necessary  to  be 
exerted  by  horses  in  hauling  loads,  and  the  element  of  danger  is  ever 
present.  In  most  instances  the  carriageway  pavement  is  irretrievably 
damaged  when  disturbed  for  this  purpose,  its  life  being  materially  shortened, 
besides  leading  to  possible  accidents  and  causing  the  greatest  inconvenience 
to  the  traffic  and  serious  loss  of  trade  to  business  people. 

In  addition  to  the  large  annual  expenditure  connected  with  the  examina- 
tion for  leakages  and  the  subsequent  reinstatement  of  the  pavement^  the 
effect  of  the  percolation  of  water  and  the  escape  of  gas  permeating  the 
subsoil  must  necessarily  create  very  insanitary  conditions. 

489.  Early   Subways. — One  of    the  earliest  attempts  to  avoid  the 
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disturbance  of  street  pavements  in  connection  with  laying  or  repairing  pipes 
under  ground,  so  far  as  the  author  is  aware;  was  carried  out  in  Ldverpool, 
and  is  described  by  Prof.  Rankine.*  "  One  method  of  obviating  this  is  to 
provide  *  side-trenches,'  to  contain  those  underground  works,  being  narrow 
excavations  lined  at  the  sides  with  brick  walls,  and  situated  under  the 
outer  edge  of  the  foot  pavement,  by  the  flags  of  which  they  are  covered. 
The  wall  of  the  side  trench  next  the  roadway  is  strengthened  against  the 
pressure  of  the  earth  by  means  of  transverse  walls,  with  openings  in  them  for 
the  passage  of  sewers  and  pipes ;  and  between  these  transverse  walls  the 
longitudinal  wall  is  sb'ghtly  arched  horizontally.  The  other  longitudinal 
wall  of  the  side  trench  forms  the  back  of  a  row  of  cellars  under  the  foot- 
pavement.  The  side  walls  of  the  cellars  are  in  a  line  with  the  transverse 
walls  of  the  side  trench,  and  act  as  buttresses  to  give  it  stability.  In  the 
example  given  in  Mr.  Newlands'  report  for  1848  the  side  trench  is  13  feet 
deep  from  surface  of  footway  to  foundation,  2^  feet  wide  inside,  and  has 
cross  walls  at  every  7  feet ;  the  brickwork  is  one  brick,  or  9  inches  thick. 
It  contains  an  oval  sewer-pipe  27  inches  x  18  inches,  a  10-inch  water-pipe 
and  a  10-inch  gas-pipe.  Sewers  which  are  large  enough  to  be  traversed  by 
men  may  be  repaired  by  getting  access  to  them  through  subterranean 
passages  leading  into  them  from  trap-doors  in  the  foot-pavement." 

The  '  side  trenches '  constructed  in  Liverpool  to  accommodate  a  sewer 
and  water  and  gas  mains  appear  to  have  been  made  for  the  sole  purpose  of 
placing  the  pipes  in  them,  without  any  consideration  aa  to  the  future 
requirements  of  renewal  or  repair. 

The  earliest  subways  of  any  consequence  constructed  in  this  country 
were  carried  out  in  1862  in  Southwark  Road  and  Garrick  Street,  London, 
and  in  Victoria  Street,  Nottingham,  in  the  year  1863.  For  many  years 
past  subways  have  been  constructed  in  connection  with  most  of  the 
Metropolitan  improvements,  such  as  the  Holborn  Viaduct,  Thames  Embank- 
ment, Charing  Cross  Road,  Queen  Victoria  Street,  while  many  have  been 
constructed  in  existing  thoroughfarcH. 

490.  One  of  the  most  recent  subways  constructed  in  London,  and  known 
as  the  Kingsvvay  Subway,!  has  been  carried  out  in  connection  with  the  Strand 
and  Holborn  improvements,  and  was  opened  for  traffic  in  October  1905. 

It  is  of  the  triple  description,  and  the  centre  tunnel,  accommodating 
two  lines  of  trams,  is  20  feet  wide,  with  a  headway  of  1 4  feet ;  the  side  or 
pipe  subways,  one  on  either  side  of  the  central  one,  are  12  feet  by  7 J  feet, 
with  sewers  underneath.  The  depth  of  the  tramway  subway  beneath  the 
surface  varies  from  6  to  14  feet,  and  the  new  thoroughfare,  for  the  most  part, 
is  100  feet  wide,  the  carriageway  being  60  feet,  with  footways  on  either  side. 

•  Civil  Engineering,  by  Prof.  Rankine,  j)p.  629  and  630,  taken  from  Reports  by  the 
Borough  Engineer  of  Liverpool  (Mr  James  Newlands). 

t  The  Surveyor,  26th  February  1904  and  20th  October  1905. 
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The  material  used  in  construction  is  mainly  concrete  and  brick  work, 
the  latter  in  the  pipe  subways  being  protected  from  decay  through  damp 
by  a  lining  of  asphalt  f  inch  or  more  thick.  The  concrete  of  the  tunnel 
or  tram  subway  is  lined  with  tiles  or  enamelled  bricks,  and  illuminated 
throughout  by  electric  liglit.  The  difficulties  met  with  in  forming  the 
subways  were  considerable,  owing  to  the  number  of  water,  gas,  and  other 
mains  encountered,  which,  as  in  all  such  undertakings,  necessitated  much 
ingenuity  to  overcome  them. 

A  subway  of  novel  construction  was  completed  several  years  ago  at 
St  Helens.**  The  opportunity  of  advocating  and  carrying  it  out  was 
afforded  in  connection  with  the  purchase  of  the  tramway  system,  which  it 
was  decided  to  convert  and  equip  for  electrical  traction.  This  decision  was 
further  strengthened  by  the  necessity  of  disturbing  the  surface  of  the  streets 
in  connection  with  carrying  out  these  works  and  for  the  purpose  of  renewing 
the  gas  and  water  mains  and  services,  and  also  for  the  laying  of  electri- 
cal cables.  All  these  circumstances,  combined  with  the  narrowness  of 
the  streets,  made  the  proposal  to  form  a  subway  a  decided  improvement, 
whereby  the  whole  of  the  mains  and  works  beneath  the  thoroughfares 
could  be  properly  inspected,  while  the  interference  of  the  paved  surface  and 
foundations  of  the  streets  would  be  practically  eliminated.  The  latter 
circumstance  alone,  brought  about  by  the  almost  incessant  renewing  of  gas, 
water,  and  other  mains,  would  have  been  in  itself  an  incentive  to  construct 
a  subway. 

This  subway,  which  measures  6  feet  6  inches  by  5  feet  6  inches,  is, 
with  the  exception  of  a  4^-inch  ring  of  blue  brick  to  form  the  arch,  entirely 
built  of  concrete.  The  side  walls  and  haunches  are  extended  upwards  so  as 
to  form  the  foundation  of  the  paving  material  of  the  street,  and  is  about 
12  inches  above  the  brick  arch;  the  inclination  of  the  subway  follows  the 
gradient  of  the  streets. 

No  doubt  the  size  of  this  subway  has  been  determined  in  view  of 
prospective  requirements.  At  present,  it  accommodates  one  gas  main 
18  inches  in  diameter,  and  two  water  mains,  10  inches  and  6  inches 
in  diameter  respectively.  Lateral  ways  are  also  provided,  opening  on 
the  footway,  through  which  gas  and  water  pipes  can  be  conveyed  where 
required. 

The  services  leading  from  the  subway  are  enclosed  in  6-inch  earthenware 
pipes  on  either  side  of  the  roadway.  The  subway  proper  is  constructed  close 
to  the  kerb  on  one  side  of  the  street ;  it  is  provided  with  gullies  at  intervals 
for  draining  surface  water  to  the  sewer.  Special  provision  is  made,  in  case 
of  a  burst  in  the  water  mains,  by  placing  a  valve  at  the  lowest  point  of  the 
subway,  which  is  connected  direct  with  the  sewer. 

The  subway  is  lighted  throughout  by  electricity,  which  is  so  arranged 

*  Ths  Surveyor,  26th  Janoaiy  1900. 
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as  to  be  used  without  fear  of  explosion  should  a  leakage  of  gas  take  place, 
while  it  is  ventilated  at  intervals  of  100  feet. 

The  cost  of  constructing  this  subway,  although  of  ordinary  dimensions, 
is  stated  to  have  been  £7,  2s.  4d.  per  lineal  yard.  This  expenditure 
includes  the  lateral  ways  and  the  electric  lighting,  and  is  certainly  a 
comparatively  small  cost  for  such  an  undeniable  benefit. 

A  conduit  or  subway  has  been  recently  constructed  in  Albion  Street, 
Glasgow,  for  the  purpose  of  accommodating  water,  gas,  hydraulic  power 
and  electric  supply  mains.  The  dimensions  of  this  conduit  are  6|  feet 
wide  and  7  feet  in  height.  It  is  built  of  14-inch  brickwork  with  a  semi- 
circular arch  on  a  concrete  foundation.  The  floor  of  the  conduit  is  also 
formed  of  concrete.  The  cross  connections  from  the  subway  to  the  kerbs 
are  enclosed  in  fireclay  pipes  of  varying  sizes.  Tlie  cost  of  this  conduit^ 
including  tlie  cross  connections,  amounts  to  approximately  £10  per  lineal 
yard. 

The  earlier  subways  constructed  in  London  are  deficient  in  many  respects, 
especially  in  being  too  small  in  most  cases  for  the  growing  requirements 
of  the  city,  although  in  one  or  two  instsuices  a  very  few  mains  have  been 
laid  in  some  of  them.  The  most  serious  objection,  however,  is  that,  in 
the  majority  of  cases,  they  have  been  constructed  in  short  unconnected 
sections  of  varying  size,  without  any  general  scheme  for  carrying  out 
extensions  embracing  a  complete  system  in  any  particular  district  or 
centre. 

491.  Tram  Subways. — ITie  congested  state  of  many  of  the  leading 
thoroughfares  in  our  large  cities  and  towns,  caused  by  all  descriptions  of 
vehicular  traffic,  and  the  loss  of  time  thereby  entailed,  clearly  point  to  the 
necessity  of  providing  separate  accommodation  for  fast- travelling  passenger 
traffic,  entirely  independent  of  all  other  kinds  of  traffic.  The  fast- 
travelling  electric  trams  could  be  accommodated  in  some  well-devised 
shallow  subway  scheme,  connecting  the  central  or  business  parts  of  cities 
with  the  various  railway  termini,  or,  if  necessity  arose,  the  outlying  or 
residential  districts. 

The  widening  of  existing  streets  to  improve  the  accommodation  is  an 
expensive  process,  while  the  construction  of  subways  in  all  the  important 
thoroughfares  must  be  attended  with  considerable  expenditure,  wliich  is 
considered  by  many  to  be  prohibitive. 

Surface  tramways,  which  practically  monopolize  the  best  part  of  a  road- 
way, inconveniences  other  kinds  of  traffic.  The  cost  of  constructing  these 
would  add  considerably  to  the  expenditure  involved,  but  this  would 
ultimately  be  repaid.  The  saving  in  time  to  business  people  would  be 
enormous,  and  this,  in  a  measure,  is  an  indication  of  its  value  as  an  un- 
impeded route  in  improving  the  means  of  communication  between  distant 
points.     That  the  construction  of  pipe  and  shallow  tram  subways,  and  the 
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widening  of  narrow  streets  on  important  routes,  would  appear,  from  the 
existing  conditions  of  traffic,  to  be  only  a  question  of  time.  The  longer 
these  undertakings  are  delayed  the  greater  will  be  the  expenditure 
necessary  to  carry  out  the  needful  improvements,  by  reason  of  the  higher 
value  of  property  and  the  yearly  increasing  number  of  mains  and  other 
service  pipes  under  the  roadway  to  be  encountered  and  dealt  with. 

What  might  be  reasonably  claimed  for  a  more  extended  introduction 
of  subways,  even  taking  into  account  the  cost  of  construction,  is  that  all 
mains,  electric  cables,  etc.,  could  be  periodically  examined,  and  the 
necessary  repairs  executed  at  a  trifling  cost  compared  with  what  it  must 
be  under  existing  circumstances.  Tracing  leakages  by  opening  trenches, 
making  the  necessary  repairs,  and  reinstating  the  roadway  involves  a  cost^ 
in  many  instances,  beyond  what  might  be  considered  sufficient  to  pay 
interest  on  the  capital  expenditure  of  constructing  subways. 

492.  Ventilation. — Objections  have  been  raised  that  the  escape  of  gas 
from  the  mains  might  produce  disastrous  results,  and  no  doubt  this  would 
happen  if  the  pipes  were  not  properly  inspected  and  prompt  action  taken 
for  repairing  them  when  necessary.  Any  leakage  of  a  temporary  nature 
tending  in  that  direction  would  be  easily  obviated  by  efficient  ventilation, 
which  is  of  the  greatest  importance  in  any  conduit  or  subway. 

It  is  reasonable  to  suppose  that  the  life  of  gas,  water,  and  other  mains 
would  be  considerably  increased  if  placed  in  a  subway,  compared  with  being 
laid  in  the  ground  and  near  the  surface  of  the  roadway,  where  a  sudden 
change  of  temperature  adversely  affects  them.  It  has  been  proved  by  obser- 
vation that  the  air  in  subways  does  not  vary  more  than  about  5**  Fahr., 
while  the  range  of  the  temperature  of  the  outside  air  amounts  in  many  cases 
to  about  34*  Fohr.  The  range  of  temperature  in  existing  subways  varies 
from  about  40*  Fahr.  to  45*  Fahr.  during  the  winter  and  summer  months 
respectively. 

The  regulations  issued  in  1893  by  the  London  County  Council  prohibit 
the  use  of  naked  lights  or  molten  lead  in  the  subways  under  their  jurisdic- 
tion, while  in  the  city  subways  no  such  restrictions  are  enforced,  open 
gas  lights  being  in  use  throughout  their  length.  Such  restrictions  in  regard 
to  the  use  of  naked  lights  and  other  matters  must  seriously  hamper  the 
extended  use  of  subways  in  many  districts  of  London,  as  the  public  com- 
panies having  Parliamentary  rights  to  lay  their  pipes  underground  might 
not  be  induced  to  make  use  of  the  subways  under  these  conditions. 

The  municipalizing  of  public  companies,  which  in  large  cities  is  a  very 
complex  problem,  would  in  all  probability  obviate  many  of  the  difficulties 
standing  in  the  way  of  forming  subways  on  a  large  scale.  If  such  a  course 
were  adopted,  these  would  be  constructed,  and  the  mains  and  other  pipes 
laid,  and  all  the  works  would  be  maintained  under  the  jurisdiction  of,  and 
be  the  exclusive  property  of,  one  company. 
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493.  The  situation  confronting  engineers  in  the  construction  of  subwajf 
is  surroanded  with  troublesome  and  perplexing  difficulties,  the  number  of 
mains  and  cables  traversing  and  occupying  the  undor-surface  of  the  streets 
which  would  require  to  be  altered  being  enormous,  while  a  vast  ex* 
penditure  would  Ije  requisite  for  dealing  with  them. 

In  many  of  the  main  tlioroughfares  in  London  this  is  especially  the 
case.  West  Strand,  in  the  City  of  Westminster,  which  is  a  narrow  street, 
for  instance ;  there  are  thirty  pipes  and  tubes  of  various  diameters  running  in 
all  directions,  and  many  of  which  are  in  unknown  or  uncertain  positions,  repre- 
senting water  and  gas  mains,  post  office  and  electric  cables,  hj'draulic  power 
mains,  drains  and  sewers.  In  addition  to  these,  there  are  about  one  hundred 
openings  in  the  footpaths  and  carriageway  for  manholes,  surface  covers,  etc., 
in  that  portion  of  the  Strand  between  Duncannon  and  Agar  streets. 

The  actual  requirements  necessary  in  each  thoroughfare  must,  of  course, 
be  determined  by  circumstances.  The  number  of  mains,  electric  cables, 
etc.,  to  bo  accommodated,  the  width  of  the  streets  to  be  served,  and 
whether  shallow  passenger  tram  subways  should  be  constructed  in  addition, 
are  all  factoi*s  to  be  taken  into  consideration.  Instances  vrill,  undoubtedly, 
ocxjur  where  the  introduction  of  subways  would  not  materially  improve 
existing  conditions ;  as,  for  instance,  in  narrow  streets  with  high  buildings, 
where  a  saturated  subsoil  of  a  treacherous  nature  exists,  railway  tunnels, 
high  level  sewers,  and  other  such  conditions  might  prevail.  No  doubt  a 
subway  could  be  made  under  such  circumstances,  but  the  cost  of  construc- 
tion, so  as  to  safeguard  the  buildings  and  render  it  waterproof,  would  be 
out  of  all  proportion  to  the  benefits  to  be  derived  therefrom.  These  cases, 
however,  would,  in  all  probability,  be  of  rare  occurrence. 

494.  Construction  of  Subways. — No  general  plan  can  be  definitely 
recommended  as  applicable  to  all  conditions.  Each  individual  case  must 
be  treated  according  to  the  special  circumstances  which  arise,  but  some 
uniform  system  of  ])roceilure  might  be  adopted,  em])odying  the  best  form 
of  construction  under  the  varying  coml)ination  of  circumstances. 

Three  typical  cases  will  be  dealt  with,  as  shown  in  figs.  1,  3,  3, 
Plate  V. :  subways  in  narrow  or  moderately  wide  streets ;  those  in  very 
wide  thoroughfares;  and  those  in  similar  carriageways,  but  with  shallow 
subways  for  trams  in  addition. 

In  narrow  streets,  of  from  20  to  25  feet  in  width,  a  subway  placed 
under  the  centre  of  the  roadway  will  adequately  serve  most  purposes. 
Provision  should  be  made  for  dujJicating  wat«r  and  gas  mains,  and  be  of 
sufficient  dimensions  for  this  purpose  and  also  for  prospective  requirements. 
The  latter  condition  may  be  difiicult  to  gauge,  but  unless  this  is  provided 
for  in  the  first  instance,  overcrowding  may  be  the  result,  when  the  evil,  for 
the  most  part  which  subways  are  intended  to  obviate,  would  be  as  bad, 
if  not  worse  than,  the  original  condition  of  things. 
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In  many  instances  the  width  of  the  pipe  subways  may  vary  from  about 
10  to  15  feet,  with  a  headway  of  8  feet.  The  drawing,  fig.  1,  Plate  Y., 
shows  a  cross  section  of  a  subway  12  feet  by  8  feet  for  a  carriageway 
varying  in  width  from  25  to  30  feet.  Provision  is  made  for  a  duplicated 
service  of  water  and  gas  mains,  and  for  prospective  additional  pipes,  and 
also  for  hydraulic,  telegraph,  telephone,  pneumatic  tubes,  and  other  power 
and  service  connections.  A  2-foot  gauge  tram  line  is  provided  for  the 
purpose  of  conveying  pipes  and  material  to  and  from  the  subways  for 
renewals  and  repairs. 

The  mains,  service  pipes,  cables,  etc.,  are  carried  in  a  steel  framework, 
as  this  form  of  construction  affords  the  maximum  amount  of  space  for 
carrying  out  repairo  and  facilitating  inspection;  an  available  headway  of 
7  feet  is  retained  in  order  to  allow  the  workmen  to  walk  erect  and  have 
free  movement  in  handling  pipes  and  tools  and  other  material.  House 
connections  can  be  made  at  different  levels  to  suit  circumstances,  enclosed 
in  earthenware  pipes  of  large  diameter ;  drainage  facilities  are  provided  by 
fixing  gullies  at  intervals  and  the  most  suitable  levels,  and  connected  with 
the  sewers.  Yentilatora  are  provided  where  most  suitable,  either  in  the 
carriageway  or  footpath,  or  connected  with  lamp  posts,  or  by  pipes  fixed  to 
the  outside  of  buildings.  Entrances  to  the  subways  should  be  made  from 
side  streets  or  other  convenient  points,  to  admit  of  free  access  to  workmen 
and  material,  and  protected  by  iron  gates  or  doors. 

The  formation  of  the  pipe  subway  shown  in  figs.  1  and  2  is  of  ferro- 
concrete, the  system  being  that  of  the  Patent  Indented  Steel  Bar  Co., 
which  form  of  construction  may  be  advantageously  employed  in  such  work. 
Ferro-concrete  construction  occupies  less  space  and  is  more  economical 
compared  with  that  of  the  various  forms  of  ordinary  concrete  construction. 
There  is,  however,  one  disadvantage  in  that  the  roof  portion  requires  at 
least  six  weeks  or  two  months  to  thoroughly  set  and  harden.  This  period 
of  time  may  be  considered  excessive  compared  with  the  time  occupied  in 
fixing  steel  trough  decking,  especially  in  busy  thoroughfares ;  but,  on  the 
other  hand,  ferro-coucrete  may  be  looked  upon  as  practically  everlasting. 

The  form  of  construction  shown  at  C  and  D  in  fig.  3  may  be  adopted ; 
and  while  the  former  presents  the  maximum  of  capacity,  as  in  fig.  1,  the 
cost  of  this,  and  especially  that  shown  at  D,  is  very  much  greater  than  the 
ferro-concrete  form  of  construction.  The  brick  arch  shown  at  D,  fig.  3, 
reduces  the  capacity  of  the  subway,  and  consequently  the  number  of  pipes 
accommodated  is  limited,  otherwise  the  height  or  headway  will  require  to 
be  increased,  involving  greater  expenditure. 

In  figs.  1  and  2,  and  at  A  in  fig.  3,  the  general  features  and  dimensions 
of  the  concrete  and  steel  bars  or  rods  for  ferro-concrete  construction  are 
shown,  and  the  general  arrangement  of  mains  and  service  pipes  or  conneo- 
tions  to  the  acyoining  houses. 
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495.  In  ft  thoroughfare  from  60  feet  to  100  feet  in  width  it  is  advisahle 
to  provide  two  pipe  subways,  one  at  either  side  dose  to  the  footpath,  as 
shown  at  A  and  D  in  fig.  3.  This  arrangement  shortens  the  length  of  the 
house  connections,  which  can  be  laid  in  earthenware  pipes,  and  can  generally 
be  renewed  or  repaired  without  serious  interference  to  the  footpaths. 

When  shallow  tram  subways  are  to  be  constructed  the  arrangement 
shown  at  A  and  B,  fig.  3,  or  constructed  practically  alongside  of  each  other, 
but  absolutely  independent,  may  be  adopted,  which  is  suitable  for  streets 
of  from  55  to  65  feet  in  width.  In  thoroughfares  of  greater  width  it 
appears  to  be  advisable  to  construct  the  pipe  and  tram  subways  indepen- 
dently, as  sho^vn  at  £  and  C,  fig.  3. 

The  pipe  subway  at  A  is  shown  9  feet  wide  and  with  8  feet  of  head- 
way to  concrete  beam,  1  foot  being  allowed  for  steel  framework  far 
carrying  service  pipes,  or  a  clear  headway  of  7  feet  A  single  set  of  mains 
is  provided  which  supply  one  side  of  the  street  only,  the  other  side  of  the 
carriageway  being  similarly  provided  for,  and,  if  necessary,  connections 
with  the  mains  on  either  side  can  be  made  by  fixing  pipes  by  straps 
between  the  beams,  as  shown  in  the  figures. 

The  tram  subway,  20  feet  x  10  feet,  B  and  C,  fig.  3,  is  shown  in  feno- 
concrete  and  ordinary  concrete  and  steel  trough  decking  construction,  the 
principal  dimensions  and  particulars  being  figured  and  shown  in  ths 
illustrations.  When  the  triple  arrangement  of  subways  is  carried  out 
special  methods  of  construction  are  necessary  at  important  crossings  or 
street  intersections.  The  pipe  subways  may  be  laid  out,  so  as  to  form  a 
continuous  system,  in  a  circular  manner,  making  direct  connection  with 
several  streets.  The  tram  subways  might  be  brought  to  the  street  level  at 
these  particular  points,  and  some  kind  of  station  accommodation  provided, 
or  these  may  be  placed  at  a  sufficient  depth  so  as  to  be  under  the  pipe 
subways,  with  accesses  to  street  level.  The  headway  of  the  pipe  subways 
might  be  reduced  at  these  particular  points,  additional  width  being  provided 
to  accommodate  all  the  main  and  service  pipes  and  afford  sufficient  space 
for  the  workmen  carrying  on  repairs. 

The  pipe  subways  must  necessarily  be  connected  by  lateral  passages  and 
entrances  at  frequent  intervals  effected  in  side  streets  and  in  convenient 
places,  80  as  to  alford  easy  access  and  be  properly  protected.  The  drainage, 
subsoil  and  surface  should  be  adequately  arranged  for,  and  provision  made 
for  draining  away  quickly  water  from  a  burst  water-main.  This  latter 
contingency  could  only  be  of  short  duration,  as  the  subways,  being  patrolled 
by  inspectors,  and  the  mains  and  connections  being  provided  with  stop 
valves,  the  amount  of  leakage  would  not  be  great. 

The  whole  of  the  subways  should  be  effectively  lighted  either  by 
electricity  or  by  gas,  or  both  if  necessary. 

496.  The  cost  of  construction  of  subways  is  rather  a  complex  problem, 
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and  it  is  questionable,  assuming  the  same  size  of  subway  was  constructed 
in  any  particular  street^  if  the  expenditure  incurred,  apart  from  actual 
construction,  would  be  the  same  in  succeeding  small  lengths  or  sections  of 
the  work.  The  number  and  position  of  existing  mains  and  other  pipes, 
cables,  etc.,  under  the  street  surface  vary  widely,  and  no  definite  sum  can  be 
placed  against  this  item  of  expenditure,  or  for  altering  during  the  progress 
of  constructing  the  subways,  great  as  it  must  necessarily  be  and  involving 
many  difficulties. 

The  following  approximate  figures  for  forming  pipe  and  tram  subways 
are  given  more  for  the  purpose  of  comparison  between  the  different  methods 
of  construction  than  to  state  the  total  ultimate  expenditure  which  would 
be  incurred  in  lifting  the  old  mains  and  other  service  pipes,  cables,  etc., 
and  reinstating  them  in  the  new  subway. 

Table  LXV. 

Pipe  and  Tram  Subways,     Cod  of  Construdum  only. 

GoBtper 
linLyard. 

£ 
Pipe  subway  12  feet  x  8  feet,  as  shown  in  fig.  1,  constructed  of  ferro-concrete. 

Indented  steel-bar  system,      ....  20 

Do.  do.  in  concrete  and  brick  arching,    ....  22 

Da  9  feet  x  8  feet,  as  shown  at  A,  in  fig.  8,  in  ferro-concrete,  .  16 

Da  da  as  shown  at  D,  in  fig.  8,  concrete  walls  and 

brick  arch, 20 

Tram  subway  20  feet  x  10  feet,  as  shown  at  B,  in  fig.  8,  in  ferro-concrete,  84 
Do.                    do.             concrete  and  steel  trough  decking,    ...  89 
Triple  system  or  two- pipe  and  tram  subway,  as  shown  in  figure.     Ferro- 
concrete construction, 67 

Da  concrete  and  steel  trough  decking  for  tram  and  concrete  and 

brick  arch  for  pipe  subways, •  79 

497.  It  will  be  observed  that  narrow-gauge  tramways  are  shown  in 
the  figures,  which  are  essential  for  carrying  out  repairs  or  renewals.  These 
should  be  properly  equipped  with  rolling  stock  for  conveying  and  handling 
heavy  pipes,  either  for  laying  an  additional  line  of  mains  or  for  renewing 
existing  ones.  Suitable  entrances  for  inspection  and  for  handling  materials 
should  be  provided  in  side  streets  where  possible,  and  also  connected  to 
some  distributing  centre,  railway  depdt,  or  a  wharf,  so  as  to  obviate  extra 
handling  of  pipes  and  cables,  etc.  Cranes  and  hoists  of  sufiScient  capacity 
for  handling  heavy  weights  would  be  necessary  for  lowering  and  lifting 
material  to  or  from  the  trollies  on  the  tramways.  These,  for  the  most  part^ 
could  be  operated  by  manual  labour ;  but  in  some  instances  electric  or  other 
power  would  be  advantageous,  and  the  subways  be  illuminated  with  either 
gas  or  by  electric  light. 

Pipe  subways  and  those  for  passenger  trams,  and  also  subways  for 
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pedestrian  traffic,  should,  in  the  author's  opinion,  be  independent  and 
separate  from  each  other.  In  addition  to  these  requirements  it  would  be 
necessary,  particularly  in  the  case  of  pipe  subways,  and  to  a  certain  extent 
in  subways  for  passenger  trams,  that  the  entrances  should  be  controlled  by 
the  local  authorities  to  prevent  the  admission  of  unauthorised  workmen  in 
the  former  case,  and  undesirable  or  suspicious  persons  to  the  tramway 
platforms  or  stopping-places. 

The  cost  of  construction,  apart  from  the  difficulties  and  vested  interests, 
has  hitherto  been  the  great  obstacle  to  forming  subways  in  London,  as  well 
as  to  their  introduction  into  other  cities.  Those  already  constructed  in  the 
Metropolis — that  is,  the  single  subways — have  cost  from  J&25  to  £iO  per 
lineal  yard. 

Against  this  head — initial  expenditure — ^however,  must  be  set  the 
demands  of  the  increasing  volume  of  passenger  and  vehicular  traffic,  which 
crowds  and  makes  the  public  streets  impassable,  and  the  introduction  of 
which  in  many  of  the  leading  thoroughfares  in  London,  at  least,  would 
confer  immediate  and  incalculable  advantages  and  economies. 

These  subways  are  built  of  brick  arching,  which  not  only  increases  the 
cost  of  construction,  but  also  causes  considerable  delay  and  annoyance 
during  the  execution  of  the  work.  By  adopting  side  walls  which  could  be 
built  in  trenches  (which  would  not  interfere  with  the  traffic  to  any  great 
extent),  and  employing  steel  decking  properly  coated  and  kept  in  repair, 
the  work  would  be  more  expeditiously,  as  well  as  more  economically,  executed. 
Sections  of  a  street  could  be  lifted,  the  girders  then  placed  in  position  and 
the  pavement  relaid,  leaving  the  soil  between  the  walls  to  be  removed  to 
the  necessary  depth,  and  the  gas  and  water  mains  and  other  connections  to 
be  gradually  re-arranged  in  the  subway.  This  method  would,  to  a  great 
extent,  remove  the  apparently  insurmountable  difficulty  which  is  at  present 
cited  as  militating  against  the  formation  of  subways. 

498.  The  number  of  the  companies  having  mains  and  other  service 
pipes  placed  beneath  the  roadways  in  London  are  numerous  compared  with 
some  years  ago,  when  there  were  only  three  of  these  who  had  statutory 
powers  enabling  them  to  open  streets. 

The  powers  conferred  on  these  private  companies  practically  set  aside 
the  authority  of  the  various  councils,  or  at  least  permit  great  opposition  to 
be  offered  to  any  schemes  which  might  be  in  the  interests  of  public  con- 
venience and  protection.  The  control  exercised  by  the  local  authorities 
over  those  private  companies  is  therefore  reduced  to  a  minimum,  which  is 
also  likely  to  create  a  considerable  amount  of  friction.  Apart  from  this 
inconvenience  to  the  public,  and  the  loss  of  business  to  frontagers  in  the 
street,  the  ratepayers  have  to  pay  for  large  sums  expended  for  re-paving 
and  repairs,  owing  to  the  shortened  life  of  the  pavements  caused  by  repeated 
openings. 
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These  private  companies  have  a  vested  interest  in  tlie  streets,  and  the 
powers  necessary  for  the  construction  of  subways  by  local  authorities  will 
have  to  be  authorised  by  Parliament,  who  have  freely  granted  rights  to 
private  companies  in  the  past 

Owners  of  property  affected  by  the  formation  of  subways,  as  in  the 
case  of  vaults  and  cellars,  are  the  private  companies  involved  who  would 
necessarily  have  to  be  compensated,  while,  in  return,  the  latter  might  be 
reasonably  expected  to  pay  handsomely  for  occupancy  under  the  improved  con- 
ditions and  the  lessened  cost  of  maintenance  charges  under  the  new  system. 

If  subways  are  extensively  constructed,  there  can  be  no  doubt  that  the 
subsequent  convenience  and  gain  to  the  various  communities,  to  business, 
as  well  as  to  the  water,  gas,  and  other  companies  interested,  and  to  the 
local  authorities,  would  be  sufficiently  great  to  justify  the  preliminary 
sacrifice  that  would  necessarily  be  involved.  It  is  in  London  where  not 
only  the  construction  of  subways  presents  the  greatest  problem,  but  where  it 
would  confer  the  greatest  l)oon  by  avoiding  the  breaking  up  of  the  streets, 
which,  in  most  of  the  leading  thoroughfares,  is  practically  of  daily  occurrence. 

499.  Passenger  Subways. — With  reference  to  subways  for  pedestrian 
traffic,  the  best  example  of  this  kind  hitherto  executed  is  in  connection 
with  the  Central  London  Railway  at  the  Bank  Station,  Mansion  House. 

This  public  subway,  which  was  constructed  by  the  Eailway  Company, 
is  situated  immediately  under  the  street  pavement,  and  is  of  an  oval  shape 
in  plan.  There  are  six  entrances  to  the  subway  for  ordinary  foot  traffic, 
not  only  to  the  Bank  Station,  but  for  the  purpose  of  proceeding  from  one 
street  to  another  at  this  extremely  busy  and  crowded  spot 

Tlie  several  entrances  are  situated  at  the  following  different  points : — 
(1)  On  the  pavement  in  front  of  the  Royal  Exchange,  and  following  a 
north  and  west  direction ;  (2)  on  the  pavement  in  front  of  the  Union  Bank; 
(3)  on  the  pavement  at  the  junctions  of  Queen  Victoria  Street^  Poultry, 
and  Walbrook.  On  the  south  and  eastwards  (4)  at  Mansion  House  Place ; 
(5)  at  the  north-east  corner  of  the  Mansion  House ;  and  (6)  on  the  pave- 
ment in  front  of  the  Liverpool  and  Globe  Insurance  Company's  office. 
The  subway  then  joins  the  starting-point  under  the  pavement  in  front  of 
the  Royal  Exchange. 

This  subway  for  foot  traffic  is  15  feet  wide,  lined  with  glazed  tiles  and 
covered  with  steel  decking  and  concrete,  and  the  whole  length  is  illuminated 
with  electric  light. 

As  the  subways  are  placed  immediately  below  the  surface  of  the  street 
pavements,  the  flights  of  steps  leading  to  the  footways  are  of  easy  access, 
an  arrangement  which  is  of  immense  benefit  to  pedestrians. 

Another  subway,  placed  directly  under  that  just  described  and  of  a 
similar  width,  has  been  constructed  for  the  purpose  of  accommodating  gas 
and  water  mains,  electric  light  wires,  and  sewers. 
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I.  Preface. 

Tor  first  ten  sections  of  this  Report  give  a  summary  of  the  work  done 
on  road  resistance  from  the  earliest  time  for  which  records  are  available. 
It  is  quite  possible  that  the  work  of  some  investigators  may  have  been 
overlooked,  but  at  the  same  time  the  chief  results  which  have  hitherto 
been  made  known  are  presented,  for  the  first  time,  in  a  concise  form. 
The  work  of  most  of  the  French  observers  has  been  drawn  to  a  great 
extent  from  A.  Debauve's  Manuel  de  Vingenieur  des  ponts  et  chatissees. 

It  has  not  been  possible  to  carry  out  during  the   present  year  in  a 
sufficiently  complete  manner  the  experiments  with  the  British  Association 

*  Report  of  the  Committee,  consisting  of  Sir  Alexander  Binnie  (Chairman),  Professor 
H.  S.  Hele-Shaw  (Secretary),  Mr.  T.  Aitken,  Mr.  T.  C.  Aveling  (Treasurer),  Professor 
T.  Hudson  Beare,  Mr.  W.  Worby  Beaumont,  Mr.  J.  Brown,  Colonel  R,  E.  Crompton, 
C.B.,  Mr.  A.  Mallock,  Sir  D.  Salomons,  Bart,  Mr.  A.  R.  Sennett,  Mr.  £  Shrapuell 
Smith,  Sir  J.  I.  Thornycroft,  and  Mr.  W.  H.  Wheeler.  (Drawn  up,  at  the  request  of 
the  Committee,  by  the  Secretary,  assisted  by  Mr.  J.  F.  Gill,  B.Sc.) 

46a 


i 


APPENDIX.  463 

apparatus  in  order  to  be  able  to  compare  the  results  obtained  with  the 
formulse  and  laws  which  the  summary  gives,  but  it  is  hoped  that  by 
another  year  the  work  will  have  been  sufficiently  advanced  to  enable  this 
to  be  done. 


II.  CorrSze  and  Manh  {ISZ2). 

MM.  Corr6ze  and  Manis  treated  the  subject  from  both  theoretical  and 
practical  standpoints,  and  the  conclusions  they  arrived  at  fully  confirmed 
a  series  of  experiments  made  by  a  commission  of  engineers  in  1816. 

The  following  are  their  conclusions  : — 

That  the  resistance  to  rolling  is  composed  of  two  elements :  (i.)  Fric- 
tion of  the  wheel  upon  the  road ;  (ii.)  axle  friction. 

(i.)  That  wheels  of  vehicles  destroy  the  road  in  proportion  to  their 
load,  width  of  tyres,  and  speed.  If  the  tyres  be  narrow  the  friction  may 
be  simply  treated  as  a  rolling  friction,  but  if  the  tyre  be  wide  then  a 
pivoting  action  is  introduced. 

The  effect  which  a  wheel  produces  upon  the  road  depends  upon  the 
load  upon  the  wheel,  the  resistance  of  the  material  of  which  the  road  is 
made,  and  on  the  nature  of  the  surface.  If  the  load  be  great  and  the 
tyres  narrow,  the  wheel  will  form  a  rut  in  the  road,  but  if  the  tyre  be 
wide,  the  load  becomes  distributed  and  does  not  damage  the  roadway. 
A  wheel  travelling  along  a  road  badly  kept  or  badly  constructed  meets 
with  obstacles  against  which  it  strikes  and  surmounts  with  difficulty,  and 
from  which  it  falls  to  the  ground  again  with  a  force  proportional  to  its 
weight  and  the  height  of  the  obstacle.  This  action,  being  continually 
carried  on,  is  very  destructive  to  the  roads. 

In  cases  where  roads  are  uneven,  springs  should  carry  the  load,  as 
they  convert  the  series  of  shocks  into  a  simple  increase  of  pressure  and 
preserve  the  horizontal  component  of  the  force,  which  otherwise  would  be 
lost 

The  destructive  effect  of  a  wheel  upon  the  road  increases  with  the  load, 
the  s|)eed  remaining  constant,  but  the  rate  of  increase  of  damage  to  the 
road  is  far  greater  than  the  increase  of  the  load. 

The  influence  of  speed  is  such  that,  with  equal  loads  on  a  well-kept 
road,  the  destructive  effect  of  the  wheel  decreases  with  an  increase  of  speed, 
but  on  a  badly-kept  road  the  reverse  takes  place. 

MM.  Corr(^ze  and  Manis  proved,  by  direct  experiment,  that  the  ratio 
between  the  tractive  effort  and  the  load  increases  with  the  speed. 

Carriages  with  four  wheels  in  unequal  pairs  require  less  tractive  effort 
than  those  with  two  wheels  or  two  equal  pairs  of  wheels. 

(ii.)  Axle  friction, — Hy  the  contact  of  a  spindle  with  its  bearings  a 
sliding  friction  is  produced. 

Suppose  the  coefficient  of  friction  « -f^^,  and  load  =  P, 

Then  total  resistance  due  to  axle  friction  =  ^\^  P ; 

If  ratio  of  radius  of  wheel  to  that  of  axle  »  ^, 

(.pi       resistance  at  axle  of  wheel  ^  ^ 

resistance  at  circumference    ^^' 
Therefore  resistance  at  circumference  =  -^^  P. 
But  on  a  good  road  resistance  to  traction  =  -^^  P. 
So  the  axle  friction  only  «  \  that  of  total  resistance. 
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Edgeworth  experimented  and  found,  in  1808,  that  on  a  rough  road  a 
vehicle  with  springs  had  only  one-third  the  resistance  of  one  without^  at 
8*8  kilometres  per  hour. 


III.  The  Work  of  Coriolia  (1836). 

Coriolis,  a  civil  engineer,  applied  the  theorem  of  work  to  the  traction 
of  vehicles  and  investigated  the  work  of  resistance.  He  proceeded  as 
follows : — 

Let  F  equal  the  tractive  effort  and  8  the  distance  run.  Then  the 
integral  of  the  quantity  F  ds  will  equal  the  total  work  due  to  the  reaction 
of  the  ground. 

The  work  of  resistance  consists  of : — 
(i.)  That  absorhed  by  the  play  of  the  springs,  usually  negligible. 

(ii.)  That  due  to  the  action  of  the  wheels  upon  the  road. 

(iii.)  Axle  friction. 

(iv.)  That  absorbed  by  hills. 

(v.)  That  due  to  the  variation  of  the  momentum,  which  may  be 
neglected  during  a  day's  run,  as  the  vehicle  passes  in  a  short 
time  from  a  state  of  rest  to  its  normal  velocity. 

Coriolis  states  that  the  tractive  effort  required  is  practically  proportional 
to  the  work  due  to  the  action  of  the  wheels  upon  the  road  and  axle 
friction,  the  other  quantities  being  negligible. 

That  axle  friction  is  a  sliding  friction  constant  in  value  and  inde- 
pendent of  the  extent  of  surface  in  contact,  and  can  be  reduced  by  altering 
the  arc  of  contact,  which  is  limited  by  practical  considerations. 

That  the  reaction  of  the  road  upon  the  wheel  would  be  nil  if  the 
ground  were  infinitely  soft,  and  equal  to  the  load  if  incompressible. 
Neither  case  appears  in  practice,  but  the  reaction  is  variable  and  increases 
with  the  compression. 

If  p  =  reaction  of  the  ground,  /i  =  compression  of  the  road,  then  work 

of  resistance  =  jpdh=  jf--—  .  dp. 

The  more  rigid  the  ground  the  more   will  p  increase  with  h;  .*.— 

will  diminish  with  p^  and  the  work  will  be  less  for  a  given  value  of  ^. 

That  the  reaction  depends  not  only  on  the  nature  of  the  road  but  also 
on  the  diameter  of  the  wheels  and  width  of  the  tyres. 

That  on  a  homogeneous  surface  the  resistance  due  to  reaction 

__a^Jp^_i^ 

a  =  coefficient  that  varies  inversely  as  the  hardness  of  the  road;f  = 
total  load  ;  L  =  width  of  tyre  ;  R  =  radius  of  the  wheel. 

Coriolis  drew  the  following  conclusions  :  — 

That  to  reduce  the  work  due  to  resistance  the  road  ought  to  have  as 
great  a  rigidity  as  possible,  and  that  the  springs  should  be  as  flexible  as 
possible. 

*  Tliis  formula  is  midway  between  General  Morin's  and  Dapoit'a. 
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IV.  Experiments  and  Ccndusions  of  CfeneraL  Marin  (1837-42). 

Theae  experiments  were  made  by  General  Morin,  1837-42,  by  order  of 
the  Ministers  of  War  and  Public  Works,  being  carried  out  with  the  greatest 
care  and  under  the  most  varied  conditions.  The  results  have  been  collected 
together  into  a  large  treatise,  from  which  the  following  is  taken : — 

A  Biiumd  of  Oeneral  MorifCs  Work  on  BoUing  Friction, 

(a)  There  is  the  simple  turning  of  one  curve  upon  another  when  the 
two  curved  surfaces  are  always  in  contact,  and  when  the  arcs  passed 
through  in  a  given  time  are  of  equal  length. 

(6)  Simple  rotation  of  a  cylinder  upon  a  horizontal  surface,  when  the 
surface  formed  on  the  plane  is  an  envelopment  of  the  cylinder. 

A  cylindrical  body  alone  can  roll  upon  a  plane  in  a  straight  line.  If 
the  body  be  not  cylindrical,  the  rolling  motion  is  accompanied  by  a  sliding 
one,  or,  what  amounts  to  the  same  thing,  a  pivoting  motion. 

This  action  is  particularly  noticed  when  a  wheel  with  a  cylindrical 
tyre  leaves  one  straight  line  direction  for  another,  and  such  a  wheel,  when 
rounding  a  curve,  is  subjected  to  simple  rotation  and  also  a  pivoting  action 
about  its  vertical  axis,  and  consequently  tends  to  twist  the  wheel  &om  its 
true  position  to  take  up  a  position  relative  to  the  curve. 

Morin  experimented  in  the  following  manner: — Upon  two  parallel 
beams,  with  horizontal  faces,  were  placed  two  loaded  cylinders.  In  order 
to  give  motion  to  these  cylinders  additional  weights  were  added,  acting 
tangentially  to  the  cylinders  and  parallel  to  the  beams. 

For  different  cylinders  and  surfaces  the  force  required  to  impart 
motion  was  found  by  experiment. 

The  force  thus  found,  which  imparted  a  uniform  rolling  movement  to 
the  cylinders,  must  be  that  which  just  overcomes  the  resistance  to  rolling, 
for  if  the  force  were  too  great,  the  motion  would  become  uniformly 
accelerated,  and  if  the  force  were  too  little,  the  cylinders  would  come  to 
rest. 

Consequently,  from  the  above,  it  may  be  inferred  that  the  moment  of 
the  additional  weights  about  the  axis  of  rotation  is  equal  to  the  moment 
of  the  frictional  resistance  about  the  same  axis. 

Calling  R  the  resistance  due  to  friction,  which  is  supposed  to  act 
tangentially  to  the  wheel,  of  which  r  is  the  radius,  p  the  pressure  trans- 
mitted by  the  wheel  to  its  supports,  and  A  a  constant ;  then  we  have 

r 

which  sums  up  the  law  for  rolling  friction. 

From  the  experiments,  which  were  made  by  Morin  to  ascertain  the 
truth  of  Coulomb's  Law,  he  drew  the  following  conclusions : — 

(i.)  On  fibrous  materials,  such  as  wood  ;  on  spongy  textures,  as  leather; 
on  granular  bodies,  as  plaster :  "  That  the  resistance  to  rolling  varies 
inversely  as  the  diameter  of  the  wheel,  measuring  this  force  (R)  at  the 
circumference  of  the  wheel." 

(ii.)  On  compressible  surfaces :  "  That  the  resistance  to  rolling  increases 
as  the  width  of  the  tyre  diminishes.*' 

(iii)  On  an  elastic  substance,  such  as  indiarubber :  "  That  the  depth  of 
the  depression  is  practically  proportional  to  the  pressure,  provided  that 
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the  elasticity  remain  constant ;  the  depth  of  the  depressions  incieases  as 
the  width  of  the  tyre  diminishes.  The  elastic  reaction,  or  the  force  with 
which  the  substance  tends  to  return  to  its  original  form  (after  the  presson 
has  been  removed)  is  not  always  very  rapid,  even  in  Uie  case  of  indit- 
rubber,  so  it  is  much  less  so  on  a  stone  road ;  in  consequence,  it  does  not 
restore  to  the  wheel  the  whole  force  expended  on  it.  Even  on  railways, 
where  the  rails  return  very  quickly  to  their  normal  shape,  the  speed  of 
the  train  is  too  great  for  the  vehicles  to  recover  the  work  that  has  been 
transmitted  to  the  rails." 

(iv.)  On  a  homogeneous  body,  such  as  wood  :  "  That  the  pressure  altera 
the  elasticity,  and  that  the  resistance  to  rolling  increases  more  rapidly  as 
the  pressure  increases ;  consequently  wood  pavements  are  not  suitable  for 
heavy  traffic." 

The  law  for  the  ratio  of  rolling  friction  to  the  pressure,  enunciated  bj 
Coulomb  and  others,  is  not  a  general  or  mathematical  law,  but  only  approxi- 
mately true  for  certain  cases  in  which  it  is  found  useful  to  apply  it. 

Coulomb's  Law, 

r 

Values  for  A,  the  constant,  are  as  follows : — 

1.  For  oak  wheels  ranninff  on  poplar  boards,  the  erain  of  the 

oak  being  i>erpendicmar  and  that  of  the  po]^ar  parallel 

to  the  line  of  motion, =0*000876 

2.  For  oak  wheels  on  strips  of  leather, A =0*001895 

8.  For  oak  wheels  on  plaster, A =0*000821 

Ejsperimenls  on  the  Ha'uZage  of  Fehidss. 

For  the  following  experiments,  General  Morin  made  use  of  three  kinds 
of  apparatus : — 

I.  A  shaft,  to  which  a  number  of  equal  pulleys  were  attached,  so  that 
the  width  of  surface  in  contact  could  be  varied ;  a  number  of  metal  discs 
were  attached  to  the  axle  to  act  as  a  load. 

The  force  required  to  produce  uniform  rotation  was  found  by  trial  on 
well-beaten  clay,  fine  sand,  slabs  of  marble,  boards,  etc.  In  each  case 
the  resistance  (R)  was  calculated,  being  equal  to  the  motive  weight  multi- 
plied by  the  inverse  ratio  of  the  diameter  of  the  axle  to  the  diameter 
of  the  pulleys.  Thus  it  was  found  that  the  resistance  varies  with  the  load 
and  other  circumstances  met  with  in  the  experiments. 

II.  A  sliaft  carrying  a  number  of  discs  to  vary  the  weight,  and  having 
two  wheels  formed  by  a  number  of  pulleys.  In  this  manner  the  diameter 
of  the  wheel  and  the  width  of  the  tyre  could  be  varied  at  wilL 

The  axle  was  attached  to  a  metal  frame,  to  which  one  or  more  horses 
were  harnessed.  A  dynamometer  recorded  the  tractive  effort  by  means 
of  a  pencil  in  contact  with  a  roll  of  paper  which  was  unrolled,  the  move- 
ment of  the  paper  being  proportional  to  that  of  the  wheel,  and  the 
deflection  of  the  spring  to  that  of  the  tractive  effort.  The  area  of  the 
figure  enclosed  measured  the  work. 

III.  A  dynamometer  was  interposed  between  the  shaft  and  the  fore- 
carriage.  The  tractive  force  was  quite  easily  transmitted  by  this  method. 
Most  of  Morin's  experiments  were  performed  in  this  manner. 
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The  canses  that  have  an  effect  on  the  tractive  effort  and  also  tend  to 
destroy  the  roads  are — 

(i.)  The  weight  or  pressure  upon  the  ground. 

(ii.)  The  diameter  of  the  wheels, 
(iii.)  The  width  of  the  tyres, 
(iv.)  The  velocity  of  the  vehicle, 
(v.)  The  angle  of  inclination  of  the  pull, 
(vi.)  The  efficiency  of  the  springs. 

From  each  experiment  Morin  obtained  a  value  for  F,  the  tractive  effort^ 
or  the  pull  exerted  by  the  horse.  This  value  corresponds  to  values  deter- 
mined from — 

The  inclination  of  the  ground ....  (t) 

The  inclination  of  the  pull      .         .         .         •  (a) 

The  weight  of  the  shaft  and  its  additional  load  (P) 

The  weight  of  the  frame  and  pole   .         .         .  (p) 

The  total  rise  of  the  ground  during  the  run      .  (h) 

The  distance  run (L) 

The  coefficient (/) 

Now  sin  (i)  =  — -,  and  the   total  pressure  transmitted  to  the  ground 

=  (P+j?).  Applying  the  theorem  of  work  to  the  movement  of  the 
vehicle : — The  force  F  acts  through  a  distance  L,  and  its  direction  makes 
with  the  surface  of  the  ground  an  angle  (a). 

Therefore  the  work  done  in  moving  the  distance  L  is  equal  to  FL 
cos  a. 

Work  due  to  resistance  is  composed  of — 

(i.)  That  due  to  the  weight  of  the  vehicle,  etc.,  and  which  is  equal  to 
the  weight  multiplied  by  the  total  rise. 

Work  due  to  weight  =  (P +p)A. 

(ii.)  That  due  to  the  reaction  of  the  ground  upon  the  wheel : — Calling 
R  that  reaction  or  resistance  to  rolling,  which  acts  tangentially  to  a  wheel 
whose  radius  is  r,  and  if  the  tyre  develops  itself  exactly  upon  the  road, 
the  point  of  application  of  the  force  travels  a  distance  L,  then 

Work  due  to  the  reaction  of  ground  on  wheel  (R)  =  RL. 

(iii.)  That  due  to  the  friction  of  the  axle  in  its  bearings : — The  spindle 
is  acted  upon  by  two  forces,  i.e.  the  pull  F,  which  makes  an  angle  of 
(a  +  i)  with  the  horizon,  and  the  weight  or  vertical  force  (p).  The  re- 
sultant of  these  two  forces  is  normal  to  the  circumference  of  the  axle,  and 
is  represented  by  the  third  side  of  a  triangle  of  which  F  and  P  are  the 

other  two,  making  between  them  an  angle  of  ( -^  +  a  + 1  j  ; 

.-.  Resultant  =  n/F*  +  P^  -  2Fp  sin  (a  +  f ), 

and  if  we  multiply  this  expression  by  the  coefficient  of  friction  (/)  we 
obtain  the  tangential  rolling  force  applied  to  the  spindle.  The  distance 
travelled  by  its  point  of  application  is  equal  to  the  distance  (L)  run  by 
the  wheel  multiplied  by  the  ratio  of  the  radius  of  the  spindle  (p)  to  radius 
of  the  wheel  (r). 
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Then  the  work  due  to  the  friction  of  the  axle  in  its  bearings 

=  L^  ^/F2  +  p2_2Fp8in(a  +  f). 

The  velocity  of  the  vehicle  was  kept  uniform  throughout  the  experi- 
ments, and  the  variation  of  the  momentum  of  the  system  was  zero. 
The  equation  of  work  becomes — 

FL  cos  a  =  ±  (P  +p)h  +  RL  -/-^  VF2  +  P2-2Fpsin(a  +  »). 

And  R  =  Fcosa±(P  +  p)~-=^VF2  +  P2-2Fp8in(a  +  f). 

^The  effect  of  the  last  term  in  this  equation  is  very  small ;  it  attains  its 
highest  value  when  (t)  =  0,  but  usually  tan  a  =  '262,  sin  a  =  0*255,  -^  =  0*02, 

and/ =0065. 

Substituting  these  values  in  the  equation,  it  will  always  be  found  that 
the  friction  of  the  axle  is  less  than  ^th  to  y^th  of  the  tractive  force. 

Now,  neglecting  the  last  term  and  making  cos  a » 0*967,  the  formula 
is  reduced  to  the  expression — 

R  =  0-967  F±(P+^)~ 

The  values  of  A,  L,  P,  and  p  are  known,  and  the  dynamometer  gives 
F;  the  resistance  R  can  then  be  determined.  Representing  R  by  an 
ordinate  to  a  given  scale,  rectangular  axis  ox  and  oy  can  be  chosen ;  if 
from  the  axis  x  the  values  of  the  element  which  varies — i,e.  the  weight 
(P  +  p) — be  marked  ofF,  and  at  the  extremity  of  each  of  these  values  an 
ordinate  corresponding  to  the  value  of  R  be  raised,  then  a  number  of 
points  can  be  determined  lying  on  a  curve,  and  from  the  form  of  the 
curve  can  be  found  the  law  which  governs  the  ratio  between  the  resistance 
R  and  the  variable  element. 

The  preceding  formulae  only  apply  to  traction  upon  level  roads. 

The  following  are  the  conclusions  drawn  from  General  Morin's  first 
series  of  experiments  : — 

I.  **The  resistance  to  traction  on  macadam  or  paved  roads  (taken  rela- 
tively to  the  axle  parallel  to  the  ground)  is  proportional  to  the  pressure 
and  inversely  proportional  to  the  radius  of  the  wheel." 

II.  "  The  deterioration  of  the  road  due  to  the  vehicle  increases  as  the 
wheels  decrease  in  diameter." 

III.  "The  resistance  is  very  nearly  independent  of  the  width  of  the 
tyres  on  macadam  or  paved  roads  for  sizes  above  0*08  m.  to  0*10  m.  in 
width." 

IV.  "  On  compressible  roads,  such  as  loose  earth,  sand,  gravel,  and  new 
macadam,  the  resistance  to  traction  decreases  as  the  width  of  the  tyre 
increases  ;  the  proportion  depends  upon  the  condition  of  the  road.  On 
hard  roads  it  is  useless  to  employ  wide  tyres,  and  on  macadam  in  the 
ordinary  state  the  tyres  should  not  be  wider  than  0*10  m.  to  0*12  m." 

V.  "On  soft  ground,  such  as  soil,  sand,  earth  driftways  in  good  con- 
dition, rutty  roads,  or  layers  of  gravel  on  hard  ground,  the  resistance  is 
independent  of  the  speed  of  the  vehicle  with  or  without  springs," 
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YI.  "At  a  walking  pace  on  all  roads  the  resistance  is  practically  the 
same  for  all  vehicles." 

VII.  '*  On  macadam  or  paved  roads  the  resistance  increases  with  the 
speed."  The  rate  of  increase  of  resistance  is  nearly  in  proportion  to  the 
increase  in  speed,  with  an  initial  speed  of  1  m.  per  second.  The  less  rigid 
the  vehicle,  the  better  the  springs  of  the  vehicle,  and  the  more  uniform  the 
road,  the  less  will  be  rate  of  increase  of  resistance. 

YIII.  "  On  good  sandstone  pavement,  well  laid  and  uniform,  the 
resistance  at  walking-pace  is  only  three-quarters  of  that  on  the  best 
macadam ;  and  for  vehicles  well  hung,  the  resistance  at  trotting-pace  on 
good  pavement  is  equal  to  the  resistance  on  good  macadam.  But  on  bad 
pavement,  with  the  setts  too  far  apart,  the  resistance  at  trotting-pace  is 
more  than  that  on  good  macadam,  even  with  vehicles  with  the  best 
springs." 

IX.  "  The  inclination  of  the  line  of  draught,  for  the  maximum  useful 
pull,  increases  with  the  resistance  due  to  the  surface  of  the  road  and  as 
the  diameter  of  the  fore-wheels  diminishes.  On  the  ordinary  road  the 
inclination  tends  to  the  horizontal,  so  much  as  the  construction  of  the 
vehicle  will  permit." 

These  preceding  facts  were  not  always  borne  out  by  the  experiments 
conducted  by  General  Morin,  so  he  was  requested  by  the  Minister  of 
Public  Works  to  undertake  a  further  series  of  experiments  in  order  to  set 
at  rest  the  following  questions  : — 

I.  Is  the  deterioration  of  the  surface  of  the  roads  in  inverse  ratio  to 
the  width  of  the  tyres,  with  equally  weighted  vehicles? 

II.  Can  vehicles  be  loaded  proportionally  to  their  width  of  tyres  ? 

III.  Is  the  deterioration  of  the  road  in  inverse  ratio  to  the  diameter 
of  the  wheels  ? 

lY.  Can  vehicles  be  loaded  in  proportion  to  the  diameter  of  the 
wheels  ? 

y.  Which  causes  more  damage  to  the  road,  a  light  dog-cart  or  a 
country  cart,  both  equally  loaded  ? 

YI.  What  is  the  rate  of  deterioration  of  roads  in  different  states  of 
repair? 

After  a  further  series  of  experiments  he  replied  as  follows : — 

(i.)  To  say  that  it  is  legitimate  to  weight  vehicles  proportionally  to 
their  width  of  tyres,  assumes  the  hypothesis  that  the  tyre  presses  equally 
upon  the  ground  throughout  its  whole  width,  which  is  not  a  correct  basis. 

(ii.)  Equally  weighted  wheels  with  tyres  0*06  m.  in  width  deteriorate 
the  roads  more  than  those  with  tyres  0*115  m.  to  01 65  m.  There  is  no 
marked  difference  from  0*115  m.  to  0*165  m.  in  width,  so  about  0*115  m. 
is  the  maximum. 

(iii.)  A  four-wheeled  vehicle  (wagon)  with  tyres  0  060  m.  in  width, 
diameter  of  fore-wheels  1*3  m.,  diameter  of  rear-wheels  1*5  m.,  can  be 
loaded  up  to  2400  kilos  in  dry  weather  and  1800  kilos  in  the  rainy 
season. 

(iv.)  Vehicles  equally  loaded,  and  with  the  same  width  of  tyre,  deterio- 
rate the  road  more  as  their  diameter  is  decreased  within  certain  limit& 
The  least  diameter  of  the  fore-wheels  of  a  wagon  should  be  1  m.  if  it  will 
allow  them  to  turn  under  the  frame.     This  limit  is  fixed  upon  in  order 
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not  to  raise  the  centre  of  gravity  too  high.  The  diameter  of  the  wheels 
can  be  decided  upon  with  due  consideration  to  the  centre  of  gravity  and 
position  of  axle  and  frame. 

(v.)  A  load  of  2465  kilos  drawn  by  a  vehicle  with  tyres  2*029  m.  in 
diameter  and  in  width  0*115  m.,  on  a  good  macadam  road,  does  not  cause 
any  appreciable  damage  to  the  roads,  even  if  the  road  be  wet  on  the 
surface.  But  a  load  of  5000  kilos  drawn  on  a  cart  with  wheels  1'83  m. 
in  diameter  and  tyres  0*165  m.  wide,  or  a  load  of  7935  kilos  drawn  on  a 
four-wheeled  wagon  with  tyres  0*16  m.  wide  and  fore- wheels  1011  m. 
and  rear- wheels  1*73  m.  in  diameter  respectively,  produces  a  considerable 
deterioration  upon  the  road.  Therefore  the  load  should  not  exceed  3500 
to  4000  kilos. 

Tablb  LXVL 
OenercU  MorirCa  Table  for  tkt  Ratio  of  Tractive  Force  and  Total  Load. 


Description  and  state  of  roads. 


Turf,  softened  by  melting  snow, 
,,  firm,  .... 
,,    very  dry, 

Eartbways  in  good  condition, 
drv,  etc.,  .  ... 

Earth  road,  covered  with  un- 
trodden snow,        .        . 

Firm  earth,  with  a  bed  of  sand  or  \ 
gravel  '1  to  '15  m.  in  thickness,  / 

Macadam,  dry  and  uniform, 

wet  and  dusty,  pro-  ) 
jecting  stones,         .  ( 
firm,  8li<(htwear,  and  j 
soft  mud,        .         .  \ 
firm,  with   ruts  and  \ 
very  muddy,  .         .  j 
worn  and  covered  with  \ 
thick  mud,     .         .  J 
badly  worn  and  rutty,  \ 
mud  very  thick,     .  J 
very  badly  worn  and 
with  deep  ruts,  hard 
foundation  and  un- 
equal surface, 
Sandstone  roads,  well  set  and  I 
closely  laid,  .        .         .        .  J 
Roads  j)aved  with  FontaineblcAU 

sandstone,  dry, 
Paved  roads,   wot  and  covered 
with  mud,     .... 

Timber  flooring  of  a  bridge. 


Artillery 

Gootls 

Carts. 

Coaches  and 
carriages  with 

wagons. 

wagona. 

springs. 
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tS 

Tt^ttoA 

^tOx^T 

^  walking. 
iz  full  jox. 

A 

A  to  yV 

^tor*T> 

1  ^j  walking. 
\  ^  trotting. 

isV 

iVto^ 

tSrto^V 

(  ^  walking. 
\  j^  trotting. 

A 

Ato,^, 

A 

f  ^  walking 
\  it  trotting. 

(vi.)  A  load  of  1800  kilos  on  a  cart  with  tyres  0'06  m.  in  width,  on* 
good  macadam  road  with  a  wet  surface,  causes  considerable  deterioration 
to   the   roadway;   therefore   the   maximum  load   under  these  conditions 
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should  not  exceed  2000  kilos,  unless  their  tyres  exceed  0*07  m.  in 
width. 

(vii.)  The  distribution  of  a  load  on  two  or  more  vehicles,  producing  a 
distribution  of  the  pressure  over  a  larger  surface,  causes  less  damage  to 
the  road. 

(viii.)  A  load  of  8000  kilos  on  a  macadam  road  with  a  wet  surface 
causes  considerable  damage,  and  this  limit  ought  to  be  considerably 
reduced  if  the  roads  are  to  be  kept  intact. 

(ix.)  A  spring  carriage  going  at  a  trotting-pace  with  loads  of  5000 
kilos  on  macadam  roads  with  wet  surfaces  does  not  cause  any  more  damage 
than  the  same  vehicle  without  springs  proceeding  at  a  walking-pace. 

(x.)  The  best  limit  to  tix  for  the  fore-wheels  of  wagons  is  1  to 
I'lO  m.,  and  for  the  rear- wheels  1*50  to  1*60  m.,  in  accordance  with  the 
construction  of  the  vehicle. 

The  foregoing  table  (LXVI.)  gives  the  results  (after  General  Morin)  of 
the  relation  between  the  tractive  effort  and  the  total  load  for  different  kinds 
of  roads  and  vehicles. 

Below  is  Greneral  Morin's  table  for  the  maximum  load  that  can  be 
drawn  on  a  level  road. 

Table  LXVII. 


Class  of  vehicle. 


Country  cart,  with  1  horse. 
Four-wheel  vehicle,  with  2  horses, 
,,  „  4  horses, 

,,  ,,  6  horses. 

Cart,  with  1  horse,    . 

2  horses,  . 

3  horses,  . 


Winter. 


ff 
If 


1800  kilos. 

2400 

4800 

7200 

1800 

8500 

4500 


11 
II 
II 
If 
II 


Summer. 


2000kilo6. 

2800 

5200 

9100 

2500 

4000 

5000 


General  Morin's  experiments  decided  for  the  time  being  the  dimen- 
sions of  the  wheels  and  the  maximum  loads  that  vehicles  should  be  allowed 
to  carry.  He  strongly  recommended  the  erection  of  weighing  machines 
on  all  the  principal  thoroughfares. 

V.  The  Researches  of  M,  Dupuit, 

General  Morin's  experiments  were  fully  accepted  by  the  scientific 
world ;  they  were,  however,  fiercely  attacked  by  a  civil  engineer,  M. 
Dupuit,  who,  after  much  experimenting,  arrived  at  formuke  which  differed 
considerably  from  those  of  Morin. 

M.  Dupuit  pointed  out  a  number  of  errors  in  the  calculations  given  in 
Morin's  tables,  and  leads  us  to  suppose  that  these  suggest  many  others  in 
Morin's  preliminary  calculations,  of  which  the  results  only  are  shown  in  the 
tables. 

He  states  that  the  figures  obtained  differ  considerably  from  those  that 
give  the  proportion  of  the  load  to  the  diameter  of  the  wheel ;  that  General 
Morin  commits  a  serious  error  in  his  value  for  axle  friction,  x,e.  /«i0*05, 
which  is  too  small,  and  ought  to  be  0*12.  That  the  distance  travelled  per 
revolution  ought  to  be  calculated  from  the  diameter  of  the  interior  of  the 
nave,  as  there  is  considerable  play  between  the  axle  and  the  nave.     That 
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for  the  proportion  of  the  tractive  effort  to  the  diameter  of  the  wheel 
Morin  compares  experiments  taken  under  various  conditions,  which  re- 
moves all  certainty  from  his  results.  That  in  Morin's  experiments  on  the 
width  of  tyres,  the  pressure  and  width  of  tyre  are  varied  at  the  same  time, 
so  that  it  is  impossible  to  distinguish  the  part  played  by  each  in  the 
experiments. 

After  pointing  out  these  errors  in  General  Morin's  experiments^ 
Dupuit  proceeded  to  conduct  experiments  exactly  similar,  but  with  his 
own  apparatus,  which  was  attach^  to  a  special  car  and  had  the  advantage 
that  experiments  could  be  performed  more  quickly,  as  the  vehicles  to  be 
tested  had  only  to  be  attached  to  the  dynamometer  coupling  on  the  special 
car. 

Dupuit  experimented  on  the  resistance  to  rolling  of  cylinders,  by 
placing  at  the  top  of  an  inclined  plane  wheels  which  were  allowed  to  roll 
down  and  run  along  the  level  until  they  were  brought  to  a  state  of  rest 
by  the  frictional  resistance. 

If  h  =  height  of  incline ;  P  =  weight  of  wheel ;  S  =  distance  travelled 
along  incline  and  level;  R  =  resistance  to  rolling,  then  resistance  offered 
to  the  weight  P  will  be  PR.  The  work  due  to  resistance  will  be  PES, 
and  the  equation  of  work  which  equalises  the  work  done  by  the  weights  to 
the  work  of  resistance  will  be 

P/i  =  RPS        orR=A. 

o 

Taking  the  square  root  of  the  diameter  D  of  the  cylinders,  and  obtaining 

the  product  R  ^D,  Dupuit  found  that  it  always  gave  a  constant  number, 
which  proved  that  the  resistance  to  rolling  varies  in  inverse  ratio  to  the 
square  root  of  the  diameter,  and  not  as  the  first  power,  as  stated  by  Morin 
and  Coulomb. 

M.  Dupuit  concludes  from  his  experiments  that  on  uniform  surfaces 
generally,  as  macadam  : 

(1)  The  tractive  effort  is  proportional  to  the  load. 

(2)  „  „         independent  of  the  width  of  tyres. 

(3)  ,,  „         inversely  proportional  to  the  sq.  root  of  the 

diameter  of  the  wheels. 

(4)  „  „         independent  of  the  velocity. 

That  the  tractive  effort  or  horizontal  force  necessary  to  move  a  vehicle 
on  the  level  is  expressed  by  the  formula 

T  =  p>/2R 
P 

P  =  weight  of  vehicle;  p  =  a  constant  which  expresses  a  ratio  between  the 
compressibility  and  elasticity  of  the  surface. 
The  constant  p  is  found  from  the  formula 

in  which  c  is  the  instant  compression  of  the  ground,  and  c'  the  permanent 
set  due  to  the  load. 

On  paved  roads,  Dupuit  recognised  that  tlio  formula  had  to  be  modified, 
for  although  the  force  required  is  always  proportional  to  the  load  and  to 
the  square  root  of  the  diameter  of  the  wheels,  yet  it  increases  with  the 
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speed,  and  diminishes  as  the  width  of  tyre  diminishes  within  certain  limits, 
and  also  that  springs  diminish  the  force  required,  whereas  on  macadam 
springs  have  very  little  influence. 

Tablb  LXVIII. 
DtipuiVa  TahUfor  the  Ratio  of  Tractive  Force  to  Load, 


Diameter 
of  wheels. 

Width  of 
tyres  in 
metres. 

Batio  of  tractive  force  to  pressure  on 

Glass  of  vehicle. 

Macadam. 

Walking  or 

trotting. 

Paved  roads. 

Walking. 

Trotting. 

Cart,     . 
Rubbish  cart, 

It              n 

Gig,      .        . 

Carnage, 

Ghar-2i-banc, 

II 
Coach, 

i» 

1-82 

1-85 

1^89 

1-90 

1-48 

1^96 

1^60 

0^86 

1-6 

0^95 

•05 

•076 

•11 

•14 

•06 

•17 

•06 

•06 

•18 

•18 

•082 

•081 

•08 

•08 

•086 

•029 

•086 

•086 

•029 

•029 

•012 

•0206 

•0176 

•0166 

•024 

•0177 

•08 

•08 

•016 

•016 

•028 

•028 

•028 

•028 

•084 

•028 

•087 

•087 

•02 

•02 

Dupuit  found  that  the  mean  force  required  to  draw  a  vehicle  loaded  up 

to  1000  kilos  was 

On  macadam  roads =80  kilos. 
On  paved  roads      =20  kilos. 

That  on  flagstones  perfectly  dressed  the  tractive  force  required  equals 
6  kilos  per  ton,  and  that  on  asphalt  equals  about  10  kilos  per  ton.  From 
the  above  he  obtained  the  following  ratio : — 

The  resistance  on  railroads  :  the  resistance  on  pavements  :  the  resist- 
ance on  macadam  : :  1  :  4  :  6 ;  but  these  resistances  are  not  in  proportion 
to  the  respective  roughnesses,  which  are  as  1  :  15  :  36. 

M.  Dupuit  performed  experiments  on  the  effect  of  the  width  of  tyres, 
and  carefully  noticed  the  manner  in  which  they  wore.  He  found  that  the 
edges  became  furrowed  into  deep  grooves,  and  that  some  particles  of  the 
stretched  iron  became  detached;  also  that  the  wood  having  at  first  a 
rectilinear  section  was  found  after  being  considerably  used  to  be  elliptical. 

Experiments  were  made  with  wide  tyres,  and  it  was  found  that  for  a 
tyre  17  cm.  in  width  only  9  cm.  were  in  actual  contact,  and  6  cm.  of  a 
14  cm.  tyre ;  from  this  he  concluded  that  the  length  of  contact  is  of  more 
importance  than  the  width,  this  being  at  least  14  cm.  for  a  tyre  2  m.  in 
diameter;  that  wide  tyres  are  only  useful  when  they  bear  on  the  road 
throughout  their  whole  width,  and  in  cases  when  the  road  is  soft,  uneven, 
and  in  a  bad  condition. 

Dupuit  states  tliat  from  actual  experiments  he  found  that  a  tyre  of 
17  cm.  after  a  few  weeks'  wear  was  reduced  to  14  cm.  and  after  a  few 
months'  to  11  cm.,  and  that  after  a  17  cm.  tyre  had  been  run  4000  miles 
it  was  worn  out  and  showed  a  loss  of  one  kilo  for  every  20  miles  and  per 
ton  of  useful  load  carried. 
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And,  moreover,  since  the  tyre  is  rounded,  it  is  necessary  to  admit  that 
the  pressure  is  unequal  throughout  its  whole  width,  and  that  not  only 
does  it  diminish  on  both  sides  of  the  centre  but  to  the  right  and  left,  that 
the  surface  in  contact  is  not  square  or  rectilinear  in  section  but  elliptical, 
forming  an  ellipse,  the  major  axis  of  which  increases  far  more  rapidly 
with  the  diameter  of  the  tyre  than  the  minor  axis  increases  with  the  width 
of  tyre. 

From  another  series  c»f  experiments  Dupuit  proved  that  under  a 
pressure  of  2000  kilos,  scarcely  ^th  of  the  material  of  the  road  was 
subjected  to  any  strain.  From  this  he  concluded  that  4000  kilos  might 
be  taken  as  a  standai-d  load  for  a  two-wheel  vehicle,  and  the  weighting 
distributed  as  follows : — 

Wheels  (one  pair),        .        .        .        600  kilos. 
Axle  and  frame,  ....        520    „ 
Useful  load,         ....      2880    „ 

4000  kilos = total  load. 

DupuU  on  the  Effect  of  Hollows  and  Risea  in  Roods. 
Dupuit  obtained  the  following  formula; : — 

0'  =  0A^yj_R   and0"  =  0/i^  j^^ 

in  which 

0  =  tractive  force  on  the  level. 


0'  =        „         ,,      in  a  hollow. 
0"  =        „         „      on  a  rise. 


B  =  radius  of  the  wheel. 
Bj  =  radius  on  surface  of  the  road, 
either  concave  or  convex. 


By  giving  dilFcrent  values  to  Rj  in  reference  to  R,  Dupuit  found  that 
the  liollows  have  the  effect  of  increasing  the  pull  to  a  large  extent,  and 
their  influence  has  a  greater  effect  as  the  diameter  of  the  wheel  increases, 
and  that  tlic  rises  had  the  effect  of  decreasing  the  pull ;  but  that  the 
increase  Wiis  always  greater  than  the  decrease. 

From  experiments  Dupuit  concluded  that,  providing  the  road  was 
undulating  and  had  no  very  sudden  rises  or  depressions,  the  effect  of  the 
undulations  wjus  practically  nil. 

VI.  Theoretical  Investigations  of  Edmund  Leafii/,  G,E,  (1847). 

In  an  exhaustive  treatise  on  The  MaJcinfj  and  Rej>airing  of  Roads^ 
Mr.  Lealiy  states  tliat  the  power  required  to  move  a  car  upon  a  level  road 
depends  upon  the  friction  of  the  axles  and  the  resistance  to  rolling.  The 
friction  of  tlie  axles  is  the  same  in  nearly  all  cases,  as  long  as  the  load  and 
the  car  are  the  same ;  but  the  resistance  to  rolling,  having  its  immediate 
action  at  tlie  tyre,  must  ])e  variable  according  to  the  description  of  road 
upon  which  the  wlieels  move. 

He  proves  that  the  friction  at  the  axle  can  be  represented  by  the 
following  formula : — 

P  =  Wi^tanA  .         .         .         .         (1) 

where  P  is  that  force  applied  at  the  tyre  which  is  just  suflS^cient  to  rotate 
the  wheel  when  supported  on  its  axle,  where  W  is  the  load  on  the  axle, 
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d  the  diameter  6f  the  axle,  2r  the  diameter  of  the  wheel,  and  where  A  is 
the  limiting  angle  of  resistance  for  the  surfaces  in  contact. 

He  then  goes  on  to  consider  the  resistance  to  rolling,  which  may  be 
due  to  either  or  both  of  two  causes,  namely,  irregularity  of  surface  or 
yielding  of  surface  over  which  the  vehicle  passes. 

Dealing  with  irregularity  of  surface  first,  he  obtains  a  formula  for  the 
initial  effort  required  to  surmount  an  obstacle. 

The  formula  is 

P  =  W^^^ (2) 

where  P  is  the  tractive  effort  required,  r  is  the  radius  of  the  wheel,  W  is 
the  load  on  the  wheel,  and  h  is  the  height  of  the  obstacle.  He  further 
proves  that  when  the  tractor,  be  it  horse  or  motor,  is  unable  to  exert  this 
initial  effort,  the  minimum  velocity  which  the  vehicle  must  have  to 
surmount  the  obstacle  is  given  by 

y  __  pp     r     /  J  _  1*  ^  /length  of  arc  described  by  centre  of \  )  y«^ 

^"'^ r-h  \        W     \  wheel  in  passing  over  the  obstacle/  J       '         *  ^ 

V  is  the  least  velocity  which,  together  with  the  draught  P,  will  enable 
the  vehicle  to  mount  the  obstacle. 

Here  he  deals  with  the  loss  of  energy  in  mounting  obstacles,  and  shows 
that  this  loss  is  given,  when  h  is  small,  by  the  following : — 

Loss  of  energy  = x  —    .         .         .         .         (4) 

This  is  lost  while  the  vehicle  is  moving  a  distance  »  2Z,  say,  and  hence 
he  shows  that  the  average  effort  is  given  by 

Average  effort  = J^l ...        (5) 

gr     J2r-h 

He  concludes  from  these  formulsB  that  the  draught  on  a  road  whoso 
surface  presents  a  number  of  unyielding  and  projecting  obstacles  varies 
directly  as  the  square  of  the  velocity,  and  inversely  as  the  square  root  of 
the  cube  of  the  size  of  the  wheel.  He  goes  on  to  say  that  the  draught 
upon  irregular  surfaces  must  be  much  more  than  that  which  has  been 
ascertained,  in  all  cases  where  the  velocity  of  motion  is  considerable, 
because  there  is  no  substance  perfectly  inelastic,  and  therefore,  after 
striking  the  obstacle,  the  wheel  will  rebound  backwards  from  the  obstacle 
with  a  velocity  proportionate  to  the  relation  between  the  forces  of  impact 
and  restitution  referable  to  the  elasticities  of  the  wheel  and  the  material 
of  the  obstruction  ;  moreover,  the  obstacle  when  struck  will,  in  many  cases, 
slide  to  some  extent,  and  thereby  weaken  the  momentum. 

He  then  deals  with  the  tractive  effort  required  for  a  yielding  surface, 
and  states  that  to  a  great  extent  resistance  to  rolling  is  due  to  a  continual 
displacement  of  a  portion  of  the  road  material  owing  to  its  inelasticity, 
which,  while  it  allows  that  material  to  exert  a  pressure  against  the  fore 
part  of  the  wheel,  will  not  ))ermit  it  to  rise  behind,  and  thereby  propel  the 
wheel  by  its  reaction.  Thus  the  draught  upon  a  soft  surface  is  much 
more  than  if  it  were  upon  a  hard,  unyielding  surface. 

He  then  deduces  a  formula  for  the  draught  upon  soft  surfaces,  making 
two  assumptions:  first,  that  surface  of  road  is  perfectly  inelastic;    and 
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secondly,  that  the  resistance  to  compression  varies  simply  as  the  depth 
compressed. 

Using  the  same  notation  as  hefore,  except  that  h  is  now  the  depth  to 
which  the  wheel  sinks,  the  formula  is 

^°  Area  immersed        ••••(«) 
or  further 

p  _  3 W      Length  immersed  r^v 

8       Diameter  of  wheel 

and  hence  he  shows  that  the  draught  varies  inversely  as  the  cube  root  of 
the  square  of  the  size  of  the  wheel,  or  little  more  than  the  inverse  of  the 
height  of  the  wheel. 

He  then  proceeds  to  prove  that  when  B  is  the  angle  of  friction  of 
rolling,  A  the  angle  of  friction  for  the  surfaces  in  contact  at  the  axle,  d  the 
diameter  of  the  axle,  and  2r  the  diameter  of  the  wheel 

sin  R  +  tan  A  — 

P  =  W ^        ...        (8) 

1  -  sin  R  tan  A  -— 

2r 

He  remarks  that  the  deductions  of  M.  Morin  are  in  perfect  accordance 
with  the  previous  theoretical  investigations,  and  alludes  to  the  Second 
Report  of  the  Sdert  Committee  of  the  House  of  Lords  (1833)  upon  Turnpike 
Road  Trusts,  where  Mr.  Macneill  has  given  the  following  empirical  formula 
for  the  draught  on  common  roads : — 

^ 93-^40^''^' 

where  \V  is  the  weight  of  wagon,  w  is  the  load,  V  the  velocity  in  feet  per 

second,  and  c  a  constant,  which  depends  on  the  surface  over  which  the 

wagon  is  drawn. 

Mr.    Macneill    ascertained   the   value   of    c  for  different  surfaces  as 

follows : — 

c=  2  for  a  timber  surface. 

c=  2  for  a  paved  surface. 

c=  5  for  a  well-made  broken  stone  road  in  a  dry  state. 

c=  8  for  the  like  surface  covered  with  dust. 

c=10  for  the  same  wet,  and  covered  with  mud. 

c=  13  for  a  gravel  or  flint  road  when  wet. 

c  =  32  for  the  same,  very  wet  and  covered  with  mud. 

Leahy  then  compares  the  theoretical  investigation  with  experiment, 
showing  in  the  first  place  that  both  agree  that  springs  do  not  diminish  the 
draught  when  the  motion  is  so  slow  as  to  permit  the  hody  of  the  vehicle  to 
be  elevated  and  depressed  just  as  much  as  the  axle.  The  fact  that  the 
draught  over  an  even,  soft  surface  is  not  affected  by  the  velocity  corresix)nda 
with  the  experiments  of  M.  Morin,  but  is  at  variance  with  the  views  of 
Mr.  Macneill. 

By  equation  (4)  he  shows  that  over  hard,  irregular  surfaces  the  varia- 
tion of  the  draught  is  as  the  square  of  the  velocity,  and  remarks  that 
there  is  a  seeming  discrepancy  between  this  conclusion  and  the  results  of 
experiments  made  under  apparently  analogous  hypotheses,  which  would 
regulate  the  increments  of  traction  by  proportional  increments  of  velocity. 
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It  must  be  remembered,  however,  that  the  experiments  of  M.  Morin  and 
others  were  made  upon  roads  said  to  be  hard,  yet  not  so,  in  fact|  and  with 
elastic  machines,  whereas  had  the  experiments  been  conducted  upon  a 
perfectly  unyielding  surface  and  with  a  rigid  and  inelastic  machine,  there  is 
no  doubt  that  the  draught  should  vary  as  the  square  of  the  velocity,  and 
therefore  the  conclusion  is  arrived  at  that  acconling  as  the  machine  and 
rough  roadway  approach  a  state  of  inelasticity,  the  more  nearly  will  the 
draught  correspond  with  this  law  of  variation.  Every  road  presents  a 
different  description  of  surface,  and  if  upon  one  the  draught  was  not  at  all 
affected  by  the  velocity,  or  varied  as  V®  owing  to  its  softness  and  regularity, 
and  upon  another  it  varied  as  Y^  owing  to  its  hardness  and  roughness, 
surely  as  there  are  many  intermediate  descriptions  of  surface  between  these 
extremes,  so  also  must  the  draught  upon  them  vary,  as  some  intermediate 
power,  between  0  and  2  of  the  velocity.  Therefore  in  general,  the  resistance 
to  rolling  must  vary  as  Y",  in  which  n  is  the  constant  suitable  to  each 
particular  surface,  and  always  lying  between  0  and  2 ;  and  any  accurate 
empirical  expression  for  the  draught  upon  roads  must  have  Y"  as  one  of 
its  terms. 

He  then  goes  on  to  consider  the  uniformity  of  draught,  deducing  a 
formula 

P  =  W  cos  a  Ttan  R  +  tanA-^Vwsina 


(tan  R  +  tan  A  —- j 


for  the  draught  upon  an  acclivity  in  which  a  is  the  angle  of  ascent  and  B 
the  angle  of  friction  of  rolling  corresponding  to  any  description  of  surface. 
Comparing  this  last  equation  with  that  for  the  draught  upon  a  level  road 

P  =  W^tan  R  +  tan  A  i^)  nearly, 
he  concludes  by  drawing  up  the  following  table  of  uniform  draught : — 


Table  LXIX. 
TMe  qf  Uniform  Draught, 


DeBoription  of  sarface. 

Bate  of  inclination. 

Ordinary  broken  stone  surface, 

Close  firm  stone  paying, 

,,     timber  paving, 

„          „     trackway, 

,,     cnt  stone  trackway, 

„     iron  tramway, 

„    railway, 

Level. 
Iin48i 
1  in  41i 
luiSli 
1  iu  811 
1  in  29i 
lin28i 

YII.  The  Work  of  M,  Charie-Marsaines. 

M.  Chari^-Marsaines,  inspector  of  roads  and  bridges,  being  struck  by  the 
instinctive  preference  of  the  farmers  in  the  department  Du  Nord  for  paved 
road,  undertook  a  series  of  experiments  in  order  to  compare  paved  and 
macadam  roads,  as  to  durability,  cost  of  maintenance,  and  the  maximum 
load  capable  of  being  supported. 

Below  are  the  results  of  his  experiments : — 
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Table  LXX. 


Season. 

Description 
of  roads. 

Load 
per  horse. 

Distance  ran 
per  hour. 

Work  per  boor 

in  Kilo- 
grammetres. 

Ratio. 

Winter, 
Sammer,    | 

Paved 
Macadam 
Paved 
Macadam 

1-306 

-851 

1895 

1-141 

8-800 
8-080 
3-500 
3*480 

4,309,800 
2,621,080 
4,882,500 
8,970,680 

1-644 
1-229 

The  results  of  Chari^-Marsaines'  researches  are  as  follows : — 

(i.)  The  wear  on  the  harness  is  less  on  paved  than  on  macadam  roads. 

(ii.^  The  wear  and  tear  on  the  vehicles  is  greater. 

(iii.)  The  lasting  power  of  the  horse  is  much  less  on  macadam  roads.  A 
harness  lasts  six  years  on  paved  roads  and  five  on  macadam.  A  vehicle  ksts 
seven  years  on  paved  roads  and  nine  on  macadam. 

These  results  differ  very  little  from  those  given  hy  Schwilgu^  in  his 
experiments  performed  in  1832  on  the  roads  between  Paris  and  Havre. 

VIII.  Experiments  by  A.  Michdin  (1896). 
S€ru8  qf  Five  Tests  made  hy  A,  Michelin, 
General  data  for  five  series  of  tests  were  as  follows : — 


Diameter  of  iron  wheels, 

,,         pneumatic  wheels, 
Weight  of  iron  wheels,    . 

pneumatic  wheels,  . 
brake,  empty,  iron  wheels, 

pneumatic  wheels. 


If 


f> 


front  0-92  m. 

0-90  m. 

68  kg. 

39  kg. 


II 
fi 

i» 


back  1  '12  m. 
„    1-20  m. 


II 
II 


II 


)i 


>i 


72  kg. 

56  kg. 
577  kg. 
542  kg. 


Table  LXXI. 

Snow  Trial  on  January  5,  1895. 


Empty  carriage  (walking). 

Loaded      ..       150  kg.  (      ,,       ), 

,,       (trotting), 
800  kg.  (      „       ), 


>i 
II 


II 
II 
'I 


Iron  wheels. 

Pneumatics. 

kg. 
15-86 
17-83 
29-60 
31-17 

kg. 
11-47 

12-71 

15-27 

17-96 

Mud  Trial  on  Januarif  25,  1895. 


Iron  wheels. 

Pneumatics. 

Empty  carriage              (walking), 
Loaded      „       150  kg.  (      ,,       ),      . 

(trotting),     . 
„       300  kg.  (      „       ),     . 

kg. 
16-00 

17  30 

19-55 

23-06 

kg. 

10-50 

12-43 
12-97 
14-16 
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Fio.  147a.— First  Series  (January  1895). 

S^cxmd  Series  of  Testa,  August  1895. 

Instead  of  taking  the  same  running  ground  (as  on  the  first  trials)  on 
the  various  days,  different  surfaces  were  tried  under  the  same  conditions 
of  dryness. 

Table  LXXIL 

Avercigefor  the  whole  of  the  Runs. 


Pace. 

Iron 
wheels. 

Pneumatic 
wheels. 

If  traction  of 

pneumatics 

100  then  iron  = 

Empty  carriage,  . 

»i            >»       •        •        • 
Heayily  loaded,  800  kg.,     . 

>»            tt           tf           • 

Walkhig 
Trotting 
Walking 
Trotting 

kg. 
17-42 

20-41 

20  75 

29  70 

kg. 

14  05 

15  95 
1614 
16-40 

124 
128 
128-6 
181 

From  the  above  and  fig.  1475  the  advantage  of  the  pneumatic  is  evident. 
It  is  considerably  augmented  with  the  speed  and  the  load. 
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Fio.  Ii7b. — Second  series  (August  1895). 

JVbte.— The  number  of  the  figures,  tables,  and  plates  in  this  Appendix  is  not  that  of 
the  original  pamphlets. 
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Gkneral  average  obtained  for  all  roads,  at  all  speeds  and  loadings : — 

For  iron-shod  wheels, 22 '07  kg. 

„  pneumatic    ,, 15'68  kg. 

Michelin  found  that  even  upon  hard  and  smooth  ground   pneumatic 
tyres  gave  a  greater  economy,  amounting  to  about  one-third. 

Third  Series  of  Tests,  November  1895. 

More  variety  in  the  nature  of  the  roads. 
Three  trials  over  each  kind  of  road : — 

{A)  Total  length,  40  m. ;  gradient,  1*5  per  cent. ;  macadam,  fairly  good, 
less  sound  than  second  series. 

(B)  Total  length,  110  m. ;  good  regular  pavement;  gradient,  1*2  per 
cent. 

(C)  Badly  paved,  irregular;  gradient,  1*9  per  cent. ;  length,  50  m. 

(D)  Steep  gradient,  5 '8  per  cent. ;  macadam,  in  good  condition ;  length, 
80  m. 

(E)  Road  through  vineyards  very  badly  maintained ;  length,  50  m. 

Experiments  made  at  the  trot,  etc. 

Now,  if  we  take  the  average  of  all  these  speeds  over  the  three  courses 
A,  B,  and  C,  we  have 

Table  LXXIII. 


Iron  wheels. 

Pneumatics. 

Solid  indiambber. 

Empty  carriages  at  the 
trot,       .... 

Heavily  loaded,  300  kg., 
walking, 

Heavily  loaded,  300  kg., 
at  the  trot,     . 

20-87 
22-10 
29-52 

16-45 

19-87 
20-66 

20  07 
25-69 
28-62 

Walking  and  trotting. 

If  traction  pneumatics  =100 

Then  traction  of  iron  wheels  =  129 -4 


JUT. 

/£_ 

S_ 
O 


Traction  of  solid  rubber 

G00l>  0ACADA0 
Sl/6//riy  \¥£T 


mi//f£/^% 


if 


=  132-8 


Trotting  alone. 

Traction  for  pneumatics 
iron  wheels 
solid  rubber 


i» 


it 


100 

134-9 

139-6 


Tff/rMT  \  r//£  tYA£f( '  M£  /Aor 
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ViQ.  148.— Third  series  of  trial  (November  1896). 
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Fio.  149.— Third  series  {r4sumfy 
Table  LXXIV. 

Third  Series  of  Teais,  November  1895. 


Xmpty  Carriage  at 

Load,  800  kg.,  at 

Loaded,  800  kg.,  at 

the  trot. 

the  walk. 

the  trot. 

Iron. 

Pneoa. 

Solid. 

Iron. 

Pneoa. 

Solid. 

Iron. 

Pneoa. 

Solid. 

Count  A, 

kg. 

kg. 

kg. 

kg. 

kg. 

kg. 

kg. 

kg. 

kg. 

Mmcadam,    fairly 

good    oonditton, 

slightly      damp. 

Gradient,  1*5  per 

oentb,  . 
CowmB. 

22  88 

14-34 

19*22 

22*88 

18-79 

26-08 

81*120) 

18-9 

28-26 

Good  regular  pare* 

ment,    dry    and 

clean.   Gradient, 

1*2  per  oent., 

14-88 

12*68 

17*80 

18-89 

18*e8(?) 

22-12 

21*80 

20*600) 

24-90 

CtmrmC. 

Bad,        irregnlar 
paTement,  flinty 
D'Allier.    Qradi- 

entilDxteroent., 

24-89 

19*49 

28-20 

24*68 

2216 

20-92 

86*18 

22-66 

82*70 

CottrmD. 

Ifacadam  in  good 

condition.  Qradi- 

ent,  5-8  per  cent., 

•  • 

■  • 

•  • 

47*78 

46-81 

49*58 

•  • 

•  • 

•  • 

C<mr$eB. 

Macadam,    badly 

kept,  wheel  ruts. 

Onaieut,  6   per 

cent.,  . 

•  • 

•  • 

•  • 

88-00       661M       n-Ol 

•  • 

•  • 

•  • 

The  results  of  these  tests  (shown  in  fig.  149)  only  go  to  confirm  the  two 
previous  series  of  teats,  and  markedly  show,  the  worse  the  ground  the 
greater  the  economy  in  using  pneumatics.  Tests  were  not  taken  with  iron 
wheels  over  courses  D  and  £,  on  account  of  the  great  shocks  destroying 
the  instruments. 

Fourth  Series  of  TeeU,  January  1896. 

In  the  previous  experiments  errors  crept  into  the  results,  but  this  series 
clears  them  away. 

The  normal  speed  was  about  10*5  km.  per  hour. 
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Table  LXXV. 

Fourth  Series  of  TesU. 


Speeds  at  the  trot,  10 '50  km.  per  hour. 


(A)  Pavement  tolerably  re- 

gular.   Gradient,   1*8 
per  cent. 

(B)  Old  macadam,   slightly 

damaged.      Gradient, 
1  '8  per  cent. 

(C)  Good  regular  pavement ; 

1*2  per  cent 

(D)  Bad  and  irregular  pave- 

ment ;  1  '9  per  cent. 


1st.  Dry,  frosty,     . 
2nd.        Liquia       mud, 

slightly  sticky,   . 
,8rd.  Same  mud,  dried, 
'1st   Dry,  frosly,    . 
2nd.        Liquid       mud 

slightly  sticky,  . 
,8rd.  Same  mud,  dried, 

ilst  Dry, 
2nd.  Wet,      . 
1st  Dryt 
2nd.  Wet, 


Pneus. 

Iron. 

Solid. 

19'i 

26*9 

25-4 

21*66 

29*6 

28-8 

20-26 

27*2 

26-4 

20*6 

22-8 

24-8 

28*2 

81-7 

29-2 

22*4 

28*16 

27-6 

14*8 

18-2 

18-8 

161 

19*8 

21 

19*4 

29  1 

27-8 

22*2 

82-4 

29-7 

If  we  take  100  as  the  power  necessaiy  to  draw  the  vehicle  with  pneu- 
matics, then  we  get — 


Tablb  LXXVI. 
On  good  pavement  with  mud  slightly  sticky. 

Upon  bad  pavement,  dry,  . 

i»  »f  II      * 

II  11  II      • 

Good  regular  pavement,  dry, 


»i 

II 


II 
II 


II 
II 


II 
II 


Pneumatics    =  100 

Iron  wheels    =  136*7 

Solid  rubber  =  180*7 

Pneumatics    =  100 

Iron  wheels    =  160 

Solid  rubber  =  148 

Pneumatics     =  100 

Iron  wheels    =  123 

Solid  rubber  =  127 


These  results  again  show  the  great  advantage  of  pneumatic  tyres  in  all 
cases. 
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Fio.  150. — Fourth  series  of  trials  (January  1896). 

Fiflh  Series  of  Tests,  February  1896. 

All  the  tests  hitherto  have  shown  that  the  economy  of  pneumatics  was 
more  apparent  at  the  trot  tlian  at  the  walk.  It  can  even  he  said  that  the 
force  tiken  by  the  pneumatic  increased  but  little  as  the  speed  went  up 
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from  walking  to  trotting,  whilst  that  absorbed  by  the  iron  perceptibly 
increased  with  tlie  speed. 

Experiments   were  made  on   a  good   regular  macadam  road — length 
100  m.,  gr.   1*5  per  cent.      Each  test  was  repeated  several  times  with 
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Fio.  161,— Fourth  series  (risumd), 

an    empty  vehicle,   from    which    were    deduced    the   following    average 
speeds : — 


For  pneumatics, . 
For  iron,    • 


4  '900  km.  per  hour = walking  speed  ;  1 0  '6 = trotting ; 

16-12= quick  trot. 

4*660  km.  per  hour= walking  speed  ;  10*94  =  trotting ; 

15 '12= quick  trot 


The  averages  of  the  forces  exerted  were  as  follows : — 


Table  LXXVII. 


Walking. 

Trotting. 

Quick  trotting. 

For  pneumatics,   . 
For  iron  wheels,   . 

18*0  kg. 
13 -8  kg. 

18-5  kg. 
17  0  kg. 

18*5  kg. 
22-1  kg. 

It  will  be  noticed  that  at  the  trot  and  quick  trot  the  results  for  pneu- 
matics are  the  same.  It  appears,  then,  that  whatever  the  speed  may  be 
within  reasonable  limits,  the  force  absorbed  by  traction  varies  but  little 
upon  good  ground  with  pneumatic  tyres. 

Then  the  advantage  of  the  pneumatic  over  the  iron  tyres  increases  with 
the  speed.  If  we  take  100  as  the  pneumatic  traction,  we  obtain  for  the 
iron  traction  at  the  ordinary  trot  126,  at  quick  trot  164. 

The  following  conclusions  can  be  drawn  from  the  above  experiments : — 
(i.)  The  solid  indiarubber  tyre  is  better  than  the  iron  in  certain  cases, 
especially  if  the  road  be  sticky,  very  irregular,  or  covered  with 
snow,  but  it  becomes  inferior  to  iron  if  the  surface  be  hard  and 
smooth, 
(ii.)  Solid  tyre  vastly  inferior  to  the  pneumatic, 
(iii.)  Pneumatic  50  per  cent,  better  than  the  iron. 
Michelin  compared  his  experiments  with  those  of  General  Morin  by 
making  a  series  of  complementary  tests  with  iron  wheels  upon  gpod  dt^ 
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pavement  as  much   like    the   conditions   under'  which  General   Morin's 
experiments  were  performed  as  possible,  with  results  as  follows : — 

Walking      =       12  9  kg. 
Trotting       =        8 '8  kg. 

These,  on  being  compared  with  General  Morin's,  will  be  found  in  everj 
case  below  those  given  by  him;  this  is  owing  evidently  to  the  better 
hanging  of  the  vehicle  and  the  better  dynamometer. 

Bub  if  we  compare  these  various  forces,  taking  for  example  100  as  the 
force  of  traction  at  walking  pace,  we  arrive  at  the  following  results : — 

Table  LXXVIII. 


Force  calculated 
after  Morin. 

Average  force  from 
above  experiments. 

1st  Case.— Upon  mao-  (  Walking, 
adam  in  good  con-  <  Trotting, 
dition,  dusty,            f  Quick  trotting, 

2nd  Case.— Good  dryj  Walking, 
pavement,                 \  Trotting, 

100 
127 
152 
100 
151 

100 
123 
160 
100 
146 

The  results  are  almost  identical  with  those  of  General  Morin. 


IX.  Extract  from  the  Report  of  Professor  W.  C.  Unwin,  F,R,S.,  on  the 
Ti-ials  of  Self- Moving  Vehicles  at  Birmingham^  made  before  the  Royal 
Agricultural  Society^  1897. 

Some  experiments  were  made  on  the  competing  vehicles  to  determine 
the  vehicle  friction. 

The  method  adopted  was  to  allow  the  cars  to  run  down  hill  by  gravity 
(the  motor  being  idle)  and  noting  the  speed  acquired  and  the  distance  in 
which  they  came  to  rest. 

The  cars,  fully  loaded,  were  taken  to  a  hill  on  the  road  between 
Bassett's  Pole  and  Bonehill.  This  portion  of  the  road  was  levelled  and 
marked  out  in  100-foot  distances. 

The  total  weights  of  the  cars  and  loads  in  these  trials  were  the 
following:  — 

Daimler, 2*43  tons. 

Lancashire, 6*49     ,, 

Chiswick, 6-57,, 

Metliod  of  TriaJa. — Each  car  was  brought  to  one  of  the  marked  dis- 
tances on  the  descending  gradient,  generally  the  point  300  feet  from  A,  but 
in  trial  3  at  400  feet  from  A.  The  cur  was  then  gently  started  from  rest 
and  allowed  to  descend  the  hill  by  gravity.  As  it  passed  over  the  200-foot 
length  from  B  to  C  the  time  of  passage  was  taken.  The  car  was  allowed  to 
come  to  rest,  stopping  generally  at  a  point  beyond  C,  but  in  two  trials  a 
little  short  of  C.  From  the  speed  over  tlie  base  B  C  one  measure  of  the 
friction  can  be  obtained.  The  mean  gradient  from  start  to  stop  is  another 
measure. 
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The  following  formula  was  titted  for  calculating  the  friction  from  the 
epeed  observations : — 


where  2240/  is  the  friction  of  the  car  reckoned  in  lb.  per  ton,  h  the  fall 
in  feet  from  the  point  where  the  car  started  to  the  middle  point  of  the 
base  BC,  and  8  the  distance  from  the  starting-point  to  the  middle  point 
of  BC. 

I//  is  the  gradient  due  to  the  friction ;  that  is,  the  greatest  gradient  on 
which  the  cor  would  stand  without  moving,  or  if  put  in  motion  would  run 
without  acceleration. 

The  following  table  (LXXIX.)  gives  the  values  of  the  friction  calculated 
from  the  observations : — ■ 


Tablb  LXXIX. 
OrtHity  TriaU.     Speed  Obiervatiima. 


4 

.  s 

n 

i 

1 

fe 

3 

-2 

i 

1 

-■fe 

S 

1 

If 

lia 

1 

DaimUr  Motor  Company,  London. 

2 

400 

200      1  100   1    20-00    1    1677    1   B-23  i     689 

I  in  58 

1 

300 

200          11-8        1684         10-25        4-48        43  2 

linSi 

Win  45 

3 

400 

200      1    B'4   1    21-27    |    1677    |   704  |     64-4 

I  in  41 

/ 

S 

334 

188         31-3         7'B3        lB-77       0-98       B2-0 

1  in  24 

7 

3!>a 

182'6      22-0         S76        18-77       119       88-0 

linBS 

lin26 

9 

4D0 

200         18-0       U-n        1877       1-02        83-1 

1  i.i  27 

S 

400 

200         11-4       17-1)4        18-77       4-70       67-0 
3Uam  Carriage  and  (Toffon  Company,  Chiticiet 

lin33 

10 

400 

200         14-4       13-89    1    16-77       3-00  1     77-0 

I  in  39 

)>'- 

11 

400 

200         16-0       13-33        16-77       2-76        784 

I  in  29 

It  will  be  seen  that  the  Daimler  car  hod  the  least  friction,  viz.,  -ijtii  of 
its  weight,  or  61  lb.  per  ton.  Tlie  Thoniycroft  car  had  a  friction  of  ^th 
of  its  weight,  or  nearly  78  lb.  per  ton.  The  Leyland  car  had  a  friction  of 
^th  of  its  weight,  or  neaily  86  lb.  per  ton.  With  the  engine  disconnected 
the  Daimler  car  had  a  friction  amounting  to  ^  of  its  weight,  and  the 
Leylaud  car  bad  a  friction  amounting  to  ^rd  of  its  weight,  oi  67  lb. 
per  ton. 
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From  the  difficulty  of  getting  the  speed  quite  accurately,  and  also  to 
some  extent  because  the  method  of  calculation  is  approximate,  probably 
these  results  are  not  quite  so  trustworthy  as  those  obtained  in  the  following 
manner,  iu  which  the  friction  is  calculated  from  the  distance  from  starting 
to  stopping. 

Friction  calculated  from  distance  of  running  from  starting  to  stopping. 
Let  8  be  the  total  distance  the  car  ran,  and  h  the  fall  of  level  in  that 
distance.  Then  h/s  is  the  gradient  due  to  friction,  and  corresponds  to  »/f  iu 
the  previous  calculation. 

A  table  of  the  results  of  the  observations  calculated  in  this  way  differed 
only  slightly  from  the  previous  results. 

X.  Experiments  by  Professor  H,  S,  Hde-Shaw^  F,R,S,yfor  the  Royal 

Lancashire  Agricultural  Society ^  1897. 

Professor  Hele-Shaw  made  a  number  of  experiments  for  the  above 
Society  at  their  show  held  at  Southport,  1897.  Among  other  results  he 
obtained  the  tractive  force  for  agricultural  wagons  and  carts,  on  turf  and 
roads. 

1'he  following  is  a  brief  summary  of  the  results  obtained : — 

Tablb  LXXX. 


Diameter 

Width 

Weight 

of 
wagon 
or  cart 

Tractive 

TractiTe 

of  wheels. 

of  tyres. 

Load 

force 

force 

in 
tons. 

per  ton 
of  load 

per  ton 
of  load 

Fore, 
in. 

Hind. 

in. 

Fore, 
in. 

Hind. 

in. 

on  tort 

on  road 

Agricultural  wagons,  . 

39 

42 

4 

4 

2142 

3 

235 

148 

>»                  »» 

39    ,    42 

4 

4 

1895 

3 

277 

125 

»f                  »}       • 

37 

41 

4 

4 

1813 

3 

289 

139* 

»}                  1) 

36 

40 

4 

4 

1752 

3 

227 

170 

Agricultural  cart, 

65 

3 

•  •  • 

1281 

H 

269 

116 

i>             >  1 

60 

4| 

1435 

H 

260 

147 

»>             »» 

59 

H 

1235 

n 

832 

111 

.  ' 

59 

4i 

1278 

n 

240 

109 

1 

56 

4 

1148 

n 

235 

108 

M                            »» 

58 

4 

1330 

n 

253 

130 

l»                            »> 

57 

H 

1379 

H 

248 

153 

XI.  Investigations  of  Ira  0,  Baker,  M.Am.SocC.E,  (1902). 

The  resistance  to  traction  of  a  vehicle  upon  the  road  consists  of  three 
independent  elements:  I.  Axle  friction;  II.  Rolling  resistance;  and  III. 
Grade  resistance.  Nothing  need  here  ])e  said  about  grade  resistance,  since 
it  is  perfectly  understood  that  it  is  equal  to  20  lb.  per  ton  for  1  per  cent 
of  grade. 

I.  Axle  friction. — It  has  nothing  to  do  with  the  surface  of  the  road. 
The  coefficient  of  friction  varies  with  the  material  of  the  journal  and  its 
bearings,  and  with  the  lubricant.  It  is  nearly  independent  of  the  velocity, 
and  according  to  the  author's  experiments  seems  to  vary  inversely  as  the 
pressure. 
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For  light  carriages  when  loaded  the  coefficient  =  0*020  *  of  the  weight  on  axle. 
For  heavier    „  „  „  =0'016* 

For  American  thimble  skein  wagon      „  =  0  012  * 

*  The  above  figures  assume  good  lubrication. 


It 
tt 


If  there  is  a  deficiency  of  lubricant,  these  figures  are  2  to  6  times 
greater.  General  Morin's  value  for  axle  friction  was  0*065 ;  this  difference 
is  probably  due  to  the  better  mechanical  construction  of  the  present  day. 
The  tractive  force  required  to  overcome  the  axle  friction  is  about  3  to 
3^  lb.  per  ton  of  the  weight  on  the  axle  for  ordinary  wagons,  and  from  3^ 
to  4|  lb.  for  wagons  with  medium-sized  wheels  and  axles. 

II.  Boiling  resistance, — The  resistance  of  a  wheel  to  rolling  is  due  to 
the  yielding  or  indentation  of  the  road,  which  causes  the  wheel  to  be 
continually  climbing  an  inclination.  The  resistance  is  measured  by  a 
horizontal  force  necessary  at  the  axle  to  lift  it  over  the  obstacle,  or  to  roll 
it  up  the  inclined  surface.  The  rolling  resistance  varies  with : — (i.)  The 
diameter  of  the  wheel ;  (ii.)  the  width  of  the  tyre ;  (iii.)  the  speed ;  (iv.) 
the  presence  or  absence  of  springs  on  the  vehicle;  (v.)  the  nature  of  the 
road  surface. 

(i.)  T?ie  diameter  of  the  wheel. — The  rolling  resistance  varies  inversely  as 
some  function  of  the  diameter  of  the  wheel,  since  the  larger  the  wheel  the 
less  the  force  required  to  pull  it  over  the  obstacle. 

The  results  of  the  experiments  are  shown  in  Table  LXXXL,  data  as 
follows : 

The  three  sizes  of  wheels  used :  (44"  in  ftx)nt  and  56"  hind  wheels) =50"  wheels. 
„  „  (36"  in  front  and  40"  hind  wheels) = 88"  wheels. 

„  „  (24"  in  front  and  28"  hind  wheels) = 26"  wheels. 

The  load  being  IJ  ton  of  2000  lb.  per  ton,  and  with  tyres  6"  wide. 


I) 


Table  LXXXI. 

Effed  of  the  Siae  qf  WhuU  on  Traction, 


Description  of  the  road  surface. 

Tractive  force,  lb.  per  ton. 

Mean  diameter  of  front 
and  rear  wheels. 

50  in. 

88  in. 

26  in. 

Macadam,  slightly  worn,  clear  fair  condition, 
Gravel  road,  ory,  sand  1  in.  deep,  loose  stones, 

„        „      up  grade  2*2  per  cent,  i  in.   wet  sand, 

frozen  below, 

Earth  road,  dry  and  hard, 

„       „     J  in.  sticky  mud,  frozen  hard  below,  rough, 
Timothy  and  bluegrass  sod,  dry,  grass  cut,     . 

„                 „             „    wet,  sponpr. 
Cornfield :  flat  culture ;  across  rows,  dry. 
Ploughed  ground  ;  not  harrowed,  dry,  cloddy, 

Averr.ge  value  of  the  tractive  power, 

57 
84 

128 
69 
101 
182 
178 
178 
252 

61 
90 

182 
75 
119 
145 
203 
201 
803 

70 
110 

178 
79 
189 
179 
281 
265 
874 

180 

148 

186 

4^8 
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Morin  concluded  that  the  resistance  varies  inversely  as  the  fiist 

power  of  the  diameter  of  the  wheel. 
Dupuit  that  it  varies  inversely  as  the  square  root. 
Clark  that  it  varies  inversely  as  the  cube  root. 
Baker  that  it  varies  very  nearly  inversely  as  the  square  root  of  the 

mean  diameter. 

(ii.)  Width  of  tyres. — If  the  wheel  cuts  into  the  road,  the  traction  is 
thereby  increased ;  but  for  surfaces  where  there  is  little  or  no  indentation 
the  width  of  tyre  has  practically  no  effect  upon  the  traction  (see  Tables 
LXXXII.  and  LXXXIII.). 

Table  LXXXII. 

Effect  of  the  Width  of  Tyres  {load  1  ten). 


Description  of  the  surface. 

Resistance  to 

traction 
lb.  per  ton. 

Width  of  tyres. 

liin. 

6  in. 

Broken  stone  road. — Hard,  smooth,  no  dust,  no  loose  stones,  nearly 

level 

Gravel  roads. — Hard  and  smooth,  few  loose  stones,  size  of  black 

walnuts, 

, ,             Hard,  no  ruts,  the  large  quantity  of  sand  prevented 

packing, 

„              New  gravel,  not  compact,  diy,         .... 
,,              Wet,  loose  sand,  1  in.  to  2i  in.  deep, 
Earth  roads. — Loam,  dry,  loose  dust,  2  in.  to  3  in.  deep, , 

,,                  ,,        ,,    hard,  no  dust,  no  ruts,  nearlv  level, 
,,                  ,,      stiff  mud,  drying  on  top,  spongy  below,  . 
,,                 ,,      mud,  2\  in.  aeep,  very  sticky,  firm  below, 
,,              Clay,  sloppy  mud,  3  in.  to  4  in.  deep,  hard  below, 
,,                 ,,     dry  on  top  but  spongy  below,  narrow  tyres  cut 

in  6  in.  to  8  in., 

,,                 ,,     dry  on  top  but  spongy  below,    .... 

,,                 ,,    stiff,  deep  mud 

Mowing  land. — Timothy  sod,  dry,  firm,  smooth,  narrow  tyres  cut 

in  1  in., 

,,              Timothy  sod,  moist,  narrow  tyres  cut  in  3 J  in., 
,,             Soft  and  spongy,   grass  and  stubble  3  in.   high, 

narrow  tyres  cut  in  6  in. ,      . 
Pastureland.—Bluegra8s  sod,  dry,  firm,  smooth,      .... 
,,                            ,,        soft,  narrow  tyres  cut  in  3  in.,    . 
,,                            ,,         narrow  tyres  cut  in  4  in.,  . 
Stubble  land. — Corn  stubble,  no  weeds,  nearly  dry  enough  to  plough, 
„              Corn  stubble,  some  weeds  and  stalks,  dry  enough  to 

plough,        

,,              Corn  stubble  in  autumn,  dry  and  firm,     . 
Ploughed  land. — Freshly  ploughed,  but  not  harrowed,  surface  rough, 
,,                        ,,                  harrowed,  smooth  and  compact, 

121 

182 

239 
830 
246 
90 
149 
497 
251 
286 

472 
618 
825 

317 
421 

569 
218 
420 
678 
631 

428 

404 
510 
466 

98 

184 

157 
260 
254 
106 
109 
307 
325 
408 

422 
464 
551 

229 
305 

327 
156 
273 
436 
418 

362 
256 
283 
323 

(iii.)  Effect  of  speed. — The  roiling  resistance  increases  with  the  velocity, 
owing  to  the  effect  of  the  shocks  or  concussions  produced  by  the  irregu- 
larities of  the  road  surface.     It  requires  from  two  to  six  or  eight  times  as 
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Tablb  LXXXin. 

Effea  of  (he  Width  of  Tyres  an  Traction, 


Description  of  the 
roaa  surface. 


Roads.     Earth  hard,     . 

„  ,,     muddy, 

Sand.    Hard, 

,i       x^eopi       .        . 
Gravel, 
Wood  block  ;  round,    . 


Resistance  to  traction  in  lb.  per  ton  of  2000  lb. 


44  in.  and  46  in. 
wheels. 


Tyres. 


Uin. 

4  in. 

liin. 

•  •  • 

•  •  • 

•  •  • 

108 

•  •  • 

•  •  • 

•  •  • 

243 

268 

199 

162 

171 

871 

861 

•  •  • 

•  •  • 

•  •  • 

98 

51 

49 

61 

4  in. 


304 
164 

•  •  • 

117 
70 


44  in.  and 
54  in. 


Tyres. 


42  in.  and 
46  in. 


Tyres. 


liin. 

4  in. 

liin. 

•  •  • 

•  •  • 

288 

•  •  • 

•  •  • 

162 

236 

264 

141 

168 

... 
83 

•  •  • 

80 

86 

46 

Sin. 


289 
152 


64 


44  in.  and 
64  in. 


Tyres. 


If  in. 


189 
114 
266 


66 
28 


3  in. 


228 
114 
228 


76 
88 


Table  LXXXIV. 
Effect  of  Speed  on  Tractive  Force  (after  Morin), 


Description  of  the  road  surface. 


Broken  stone    Good  condition,  dry,  oom- 
road.  pact,      .        .        .        . 

Very    firm,    large    stone 

visible,. 
Little  moist,  or  little  dirty. 
Firm,  little  soft  mud. 
Firm,  ruts  and  much  mud. 
Portions  worn   out,   thick 

mud,    ... 
Much  worn,  mud,  ruts  3  in 

deep,    • 
Verv  bad,  rough,  ruts  4  in 
deep,    ... 
Stone    block    Very       smooth,       narrow 
pavement  joints,  . 

Fair  condition,  dry,   . 
Moist,  covered  with  dirt, 


It 

ft 

i> 
It 

»» 

tt 
tt 


It 
•I 


Stage  coach. 

Carriage 

\, 

Walk. 

Trot 

Fast 
trot 

Walk. 

Trot. 

Fast 
trot 

42 

49 

60 

41 

48 

49 

69 

75 

81 

58 

73 

81 

49 

76 

88 

48 

74 

88 

77 

92 

100 

76 

91 

99 

95 

108 

117 

98 

108 

116 

112 

127 

134 

110 

126 

132 

146 

161 

169 

115 

160 

168 

164 

180 

•  •  • 

162 

202 

••• 

32 

48 

55 

31 

47 

64 

35 

62 

61 

34 

51 

67 

35 

49 

56 

44 

60 

67 
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much  force  to  start  a  vehicle  as  to  keep  it  in  motion  at  two  to  three  miles 
an  hour.  The  extra  force  required  is  due  to: — (1)  During  the  stop  the 
vehicle  has  partly  sunk  into  the  road;  (2)  axle  friction  is  greater  at 
starting  than  after  motion  has  begun;  (3)  energy  is  consumed  in 
accelerating  the  load  (see  Table  LXXXIV.). 

(iv.)  Effect  of  springs, — Springs  decrease  the  traction  by  decreasing  the 
concussions  due  to  the  irregularities  of  the  ground,  and  are  therefore  more 
effective  at  high  speeds  tlian  low,  and  on  rough  roads  than  on  smooth. 


Tablb  LXXXVI. 
Tractivt  Resistance  of  Level  Pavements, 


Description  of  pavement 


♦I 

t$ 

ft 
tt 

ft 


Asphalt — Clean,  smooth,  no  cracks,  52"  F., 

84"  F 

42"  F 

Brick. — 8  in.  X  9  in.  bricks  on  concrete,  corners  rounded,  sand  filler,  not 

worn, .        . 

8  in.  X  9  in.  bricks  on  concrete,  but  newer  and  corered  with 

i  in.  dust, 

8  in.  X  9  in.  bricks  on  concrete,  but  cement  filler,  just  com- 
pleted,         

2^  in.  X  8  in.  brick  on  concrete,  pitch  filler,  new,     . 

8  in.  X  8  in.  brick  on  gravel  and  cinders,  sand  filler,  comers 

not  rounded,       . 

2i  in.  X  8  in.  brick  on  sand  and  old  macadam,  tar  filler,  new, 
Granite  block. — Smoothly  dressed  3  in.  x  9  in.  blocks  on  concrete  joints, 

i  in.  tar  filler,  not  worn, 

„  Smoothly  dressed,  on  concrete,  pitch  filler ;  new, 

,,  Ordinary  granite,  10  years' wear,         .        .        .        . 

Macadam. — Granite  top,  no  dust,  no  mud, 

Plank  road.— Oak  plank,  8  in.  x  12  in.,  nearly  new,     .... 
,,  Same  as  above,  after  worn  down  ^  in.  in  many  places, 

clean, 

,,  As  above,  covered  with  i  in.  fine  loose  dirt,     . 

Steel  wheelway.— 8  in.  11 J  lb.  channel,  on  2  in.  x  8  in.  pine,  on  macadam, 

covered  with  \  in.  powdered  stone, 
„  ,,  Same  as  above,  scraped  clean  with  a  shovel, 

,,  „  „  „       covered  with  \  in.  fine  dust. 

Wood  block. — Rectangular  blocks,  8  in.  x  12  in.,  considerably  worn, 
,,        „         Round  cedar  block,  covered  with  )  in.  silica  pea  gravel 
,,        „        „  „        „     I  in.  crushed  gravel, 

,,        ,,        ,,      clean,  blocks  slightly  convex  on  top 
Round  c<Klar  block,  2  in.  plank,  2  in.  sand,  clean,  not 
worn,         ....... 

Same  as  above,  clean,  slightly  worn, 
„        ,,  ,,      considerably  worn. 


It 
>» 
»> 


t> 


» 


lb.  per  ton 
2000  lb. 


87 
70 
84 

17 

81 

22 
24 

87 
25 

29 
80 
8tf 
18 
82 

88 
40 

40 
19 
28 
36 
90 
50 
58 

87 
51 
54 


8,  4  and  5  with  wheels  averaging  42^  in.  diameter,  the  remainder  47  in. 

(v.)  Different  road  surf  aces, — The  tractive  force  was  obtained  by  a 
Baldwin  dynagraph.  The  instrument  consists  of  two  long  flat  springs 
fastened  together  at  their  ends,  and  having  their  centres  farther  apart  than 
their  ends.  One  end  of  the  apparatus  is  attached  to  the  wagon,  and  the 
other  to  the  team.  The  pull  of  the  team  causes  the  centres  of  the  flat 
springs  to  approach  each  other.     One  spring  supports  a  graduated  disc^ 
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and  the  other  is  connected  to  an  index  arm  which  ia  pivoted  at  the  cenfn 
of  the  graduated  disc.  From  one  end  of  this  index  arm  the  pull  can  be 
read  directly  from  the  graduation.  There  are  two  extra  index  amia,  ona 
to  indicate  the  maximum  power  developed  and  the  other  to  indicate  » 
roi^h  average.  The  end  of  the  index  arm,  opposite  the  graduated  in, 
records  the  amount  of  traction  upon  a  strip  of  paper  which  is  wound  from 
one  cylinder  to  another  by  clockwork  (see Tables  LXXXV.  and LXXXVI). 

XII.  Summary  of  the  Opinions  of   Various    Writers  on  the  Ejects  of 
TraeUon  on  the  Level  of  the  Independent  Elements  of  Road  Reaittanee. 

Tablk  LXXXVIL 
TnuiijK  Foret. 


A1.U10- 

rttj. 

D>ta 

Loul. 

DiAineter 

OtWhMU. 

WWli. 

NWnreof 

tyra. 

V.l«Jtj. 

Spriogi. 

nub. 

Bdge. 

1808 

ODfOOgh 

WUrtll. 

Cor- 

WlMper 
huur. 

«■» 

with. 

onrdidi 

hiTtnglr- 

l»d«1dtli 

M>Dtl 

■ortacet. 

^?S«4 

Coriolli 

DlTMt- 

roototttas 

T£' 

root. 

'"icr 

Nearly  Id- 

IndBptn- 

NoBffert 

IiiTenalT 

jhrsij" 

deotoLaoIt 

lor  IDBC- 

grouDd, 

VkSS^ 

Bilsm  lad 

■uch  aa 

■Dchu 

dianuKr 

paved 

aglt,  aand, 

oCwticaU 

ttc.trlth 

)lix>  abore 

■(«ni.  to 

I'lKS;. 

tgrpsred 

prtmlblo 

roada.tuch 

ft 

rwKl.. 

«.rlh,»nrf, 

^ 

B^mac"-'' 

0 

csr- 

1 

treiiiU"h.^ 

1 

d^S,',!? 

altionor 

Uniinit 

liODlk 

VirlM  111- 
VL'r>..|y  u 
Uiisquiire 
rout. 

'fSE. 

andimuoth 

■dam 

VI. 


■«  p.  i9S. 
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Table  LXXXYlL^eontinued. 


Antho. 
ritj. 


Leahy 


Miche- 
Un 


Date. 


1847 


1806 


Claric 
Baker 


Load. 


Proper. 
tiomO. 


1002 


Diameter 
of  wheela. 


iDTereely 
prupor- 
ilonal. 


Inversely 
as  cube 
root. 

Very  near. 
lyuiTerse- 
ly  as  the 
square 
root  of  the 
mean  di- 
ameter. 


Width 
of  tyres. 


Indepen. 
dent. 


Nature  of 
tyres. 


Solid  rubber 
^rre  is  bet- 
ter than 
iron  in  cer. 


Almost  in- 
dependent. 


tain 
especiaUy 
if  the  road 
be  sticky, 
very  ir- 
regular, or 
covered 
with  snow, 
but  it  is  in- 
ferior to 
iron  if  road 
be  hard  and 
smooth. 
Pneumatics 
60  per  cent 
better  than 
iron. 


Telocity. 


Springs. 


Indepen. 
dent  on  soft 
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Diminishes, 
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at  low 
speeds. 


XIII.  Description  and  Drawings  of  the  New  Dynamometer  made  for 
the  British  Association  Committee  to  carry  on  the  Researches, 

The  general  arrangement  of  the  new  dynamometer  made  for  the  Com- 
mittee to  carry  out  the  researches  on  road  resistance  is  shown  in  Plate  VI. 
The  apparatus  comprises  a  castor  frame,  A  A,  in  which  can  he  mounted 
the  wheel,  B,  to  be  experimented  on,  a  system  of  levers,  G  C,  for  trans- 
mitting to  a  small  plunger,  £,  the  pull  exerted  on  the  wheel,  and  a 
recording  pressure  gauge  for  registering  the  same,  together  with  a  recording 
tachometer. 

Frame, — The  castor  frame  is  of  wrought  iron,  and  is  rectangular  in 
shape.  Its  sides  arc  of  channel  iron,  4  inclies  by  2  inches  by  \  inch,  and 
are  fastened  together  at  the  end  by  wrought-iron  plates,  J  inch  thick  and 
5  inches  wide,  bolted  on  at  the  top  and  bottom.  The  total  length  of  the 
frame  is  6  feet,  and  as  the  end  plates  have  three  sets  of  holes  drilled  in 
them,  it  can  be  arranged  so  that  the  sides  are  10  inches,  14  inches,  or 
16  inches  apart,  to  suit  the  various  widths  of  wheels  to  be  experimented 
upon. 

Axle  and  Spnngs. — The  axle  of  the  experimental  wheel  is  mounted  on 
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springs,  one  under  each  side  of  the  castor  frame.  The  springs  are  3  feet 
2  inches  centres,  and  each  consists  of  six  plates  2^  inches  by  ^  inch. 
When  light  wheels  and  loads  are  used  these  springs  are  reduced  to  a 
suitable  strength  by  the  removal  of  some  of  the  plates.  If  desired  the 
axle  can  be  mounted  on  the  frame  without  springs. 

Loading,  — The  method  of  loading  the  frame  is  by  bolting  a  series  of 
28-lb.  cast-iron  weights  to  the  channel  iron  sides.  These  weights  are 
each  2  inches  thick,  so  that  when  the  scroll  irons  for  the  springs  do  not 
interfere,  52  or  so  can  be  affixed,  thus  giving  a  load  of  13  cwt.,  besides 
tlie  weight  of  the  frame  and  wheel.  This  would  correspond  to  a  load  of 
about  3^  tons  on  a  four-wheeled  vehicle.  This  arrangement  of  loading 
enables  the  weight  to  be  varied  by  steps  of  56  lb.,  the  weights  always  being 
arranged  at  equal  distances  on  either  side  of  the  centre,  so  that  the  frame 
will  never  be  out  of  balance. 

Attachment  of  Frame  to  Gar. — ^This  frame  is  fixed  to  the  levers  which 
transmit  the  force  to  the  water  by  a  swivel  joint,  D,  so  that  it  is  quite 
free  to  vibrate  or  bounce  vertically  as  over  rough  ground ;  and  it  can  also 
follow  the  car  freely  round  any  curve  without  in  any  way  affecting  the 
records,  but  it  is  held  so  that  the  experimental  wheel  is  always  vertical 

Levers, — llie  system  of  levers  is  so  arranged  that  the  frame  can  be 
raised  or  lowered  to  suit  any  diameter  of  wheel  or  any  angle  of  draught 
without  in  any  way  altering  the  leverage  of  the  mechanism.  They  may  be 
described  as  follows. 

A  pair  of  similar  bell-crank  levers  is  mounted  on  a  fulcrum  which  is 
capable  of  being  raised  or  lowered  in  a  vertical  slot  formed  in  a  steel 
casting  mounted  firmly  on  the  back  of  the  car.  The  distances  from  this 
fulcrum  to  the  ends  of  levers  are  respectively  14  inches  and  28  inches, 
the  longer  arm  being  normally  vertical,  while  the  other  is  horizontal.  To 
the  shorter  arm  are  attached  two  parallel  vertical  steel  rods  whose  length 
is  capable  of  adjustment.  These  rods  serve  to  transmit  the  pull  on  the 
frame  to  one  end  of  a  small  horizontal  lover,  the  hydraulic  plunger  being 
at  its  other  extremity.  The  fulcrum  of  this  lever  may  be  moved  to  either 
of  four  positions,  such  tliat  the  pressure  on  the  plunger  is  equal  to  one, 
two,  four,  or  eight  times  the  pull  exerted  on  the  castor  frame.  By  having 
this  arrangement  it  is  possible  to  use  the  apparatus  through  a  very  wide 
range  of  experiments,  say,  for  tractive  efforts  of  from  5  to  500  lb. 

Plunger. — The  plunger  E,  which  is  2*6  inches  diameter,  presses  upon 
a  rubber  diaphragm  enclosing  a  space  filled  with  water,  and  it  is  the  pres- 
sure exerted  on  this  water  that  is  autographically  recorded.  Two  pipes 
are  connected  to  the  water  space,  one  for  transmitting  the  pressure  to 
the  gauge  G  (Plate  VI.),  the  other  being  used  for  filling  the  system.  An 
ordinary  rubber  bulb  off  a  motor  horn  is  filled  with  water  and  connected 
to  this  latter  pipe,  so  that  when  the  bulb  is  squeezed  by  the  hand  the  water 
is  forced  througli  the  system,  and  out  of  a  small  hole  in  the  end  of  the 
Bourdon  tube.  By  this  means  all  the  air  is  expelled,  and  when  sure  that 
such  is  the  case  the  system  is  closed  and  the  water  retained. 

Recording  Apparatus, — Tiie  recording  apparatus  was  placed  in  the 
hands  of  Messrs.  Schaffer  &  Budenburg,  Ltd.,  Manchester,  who  have 
turned  out  a  very  good  instrument.  This  apparatus  is  a  combined  re- 
cording pressure-gauge  G  and  tachometer  H  (Plate  VIL),  mounted  on 
one  base  and  recording  on  the  same  horizontal  drum  K,  which  carries 
a  band  of  paper,  LL,  8J  inches  wide,  the  graph  of  tractive  effort-space 
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being  at  one  side  of  the  paper  while  that  of  velocity-space  is  at  the  other 
side.  This  drum  is  driven  off  the  tachometer  spindle,  and  its  motion, 
therefore,  is  in  accordance  with  the  motion  of  the  car,  a  length  of  10*3  feet 
of  the  paper  corresponding  to  a  mile  of  road.  The  makers  have  worked 
out  a  very  neat  parallel  motion,  so  that  the  ordinates  of  both  graphs  are 
straight. 

The  instrument  is  mounted  in  a  rain-proof  glass  case,  supported  on  a 
pneumatic  cushion,  N,  the  drive  to  the  drum  and  tachometer  being  through 
a  flexible  shaft.  This  arrangement  has  worked  very  well,  fairly  steady 
cunres  being  obtained  even  over  rough  roads  at  high  speeds.  Stops  are 
provided  to  prevent  too  great  a  movement  of  the  levers,  thus  ensuring 
against  undue  shocks  on  the  gauge. 

If  found  necessary  an  arrangement  can  be  attached  for  marking  seconds 
on  the  paper. 

A  revolution  counter  is  provided  for  obtaining  independently  the 
revolutions  of  the  experimental  wheel :  this  will  act  as  a  check  on  the 
record. 

XIV.  Nature  and  Scope  of  the  Experiments  by  the  Committee, 

Experiments  will  be  conducted  to  determine  the  relation  between  the 
tractive  effort  and  the  following,  viz.,  load,  diameter  of  wheel,  width  and 
section  of  tyre,  hardness  of  tyre  (in  the  case  of  pneumatics),  effect  of 
springs,  and  velocity  for  every  type  of  road  under  all  circumstances,  and 
any  other  relations  that  may  be  suggested  during  the  progress  of  the 
work. 

In  performing  an  experiment  a  given  type  of  wheel  is  mounted 
in  the  frame  and  a  run  made  over  a  piece  of  road  of  the  desired  type. 
Since  the  two  graphs  are  side  by  side  the  relation  between  tractive 
force  and  velocity  can  be  seen  at  every  point  of  the  run,  and  from  those 
portions  of  the  graph  where  the  velocity  is  constant  and  of  the  required 
value  a  mean  tractive  effort  can  be  obtained.  After  a  number  of  ex- 
periments have  been  performed,  curves  can  be  plotted  and  empirical 
formulsB  deduced  for  the  various  relations. 

The  relative  values  of  the  various  roads  are  being  compared  by  taking 
viagrams  by  means  of  a  special  instrument,  the  viagraph,  kindly  lent  by 
the  inventor,  Mr.  J.  Brown,  F.R.S.,  of  Belfast. 

XV.  The  Work  of  the  Committee  presented  at  the  Meeting. 

After  a  good  deal  of  delay,  due  to  various  causes,  the  dynamometer 
was  at  length  completed  about  August  20.  It  was  then  calibrated  in  the 
following  manner.  The  car  and  dynamometer  were  placed  on  a  smooth 
horizontal  floor  with  a  40-inch  lurry-wheel  mounted  in  the  frame.  The 
car  itself  was  prevented  from  moving  backwards,  and  a  given  load  was 
attached  to  a  wire  fixed  to  the  wheel  at  the  top  and  passing  over  the  tyre, 
so  that  it  hung  vertically,  thus  tending  to  pull  the  frame  away  from  the 
car.  After  a  load  was  applied  the  apparatus  was  shaken  to  prevent  it 
from  sticking  in  any  way,  the  paper  meanwhile  being  uniformly  moved 
until  the  pencil  of  the  pressure-gauge  had  moved  to  its  position  of  equi- 
librium. This  was  done  with  every  reading.  When  the  leverage  of  8  to  1 
was  being  calibrated,  increments  of  2  lb.  were  used  in  almost  every  case 
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from  0  to  a  total  of  82  lb.  For  the  4  to  1  leverage  increments  of  14  lb. 
were  taken,  after  14  lb.  had  been  reached,  the  highest  reading  being 
168  lb.,  the  2  to  1  leverage  had  increments  of  14  lb.,  the  highest  being 
280  lb.,  while  the  1  to  1  leverage  had  increments  of  28  lb.  up  to  a  total 
of  530  lb.  Calibration  curves  were  drawn  for  each  leverage,  and  scales 
were  drawn  from  these  curves.  Nine  large  wall-diagrams  were  shown  at 
the  meeting,  the  first  being  the  calibration  curve  for  the  dynamometer 
when  the  4  to  1  leverage  was  in  use. 

The  tachometer  was  calibrated  by  driving  it  with  an  electric  motor. 
The  exact  time  of  three  revolutions  of  the  drum  was  taken  by  means  of  a 
stop-watch  for  readings  of  10,  15,  20,  25,  and  30  miles  per  hour  on  the 
scale  (three  revolutions  of  the  drum  correspond  to  315  revolutions  of  tacbo- 
meter  spindle).  The  mean  diameter  of  the  back  wheels  of  the  car  was 
taken  as  842  mm.  when  the  car  was  normally  loaded  and  tyres  normally 
inflated ;  the  diameter  of  pulley  on  back  axle  is  225  mm. ;  diameter  of 
tachometer  pulley  75  mm.  Working  out  the  speed  from  this  data,  tbe 
calibration  curve  shown  on  wall-diagram  No.  2  was  obtained,  thus  show- 
ing that  the  scale  readings  are  reliable.  It  might  be  argued  that  if  the 
driving  wheels  of  the  car  slipped  on  the  road,  the  tachometer  is  really 
reading  higher  than  it  ought  to  do;  but  as  readings  are  only  used  for 
which  the  velocity  is  constant  very  little  slip  may  be  expected ;  and  since 
it  is  impossible  for  the  driving  belt  of  the  tachometer  to  slip,  thus  giving 
too  low  a  reading,  it  is  not  too  much  to  assume  that  these  errors  will 
balance  each  other  to  some  extent. 

The  method  of  operating  the  dynamometer  and  performing  a  trial 
is  as  follows.  The  castor  frame  is  pushed  towards  the  car,  so  that  the 
ram  is  as  far  out  of  the  cylinder  as  possible;  the  bulb,  having  been 
previously  filled  with  water,  is  squeezed  by  the  hand,  so  that  the  water 
is  forced  through  the  cylinder,  through  the  connecting  tubing,  and  out 
through  the  opening  in  the  end  of  tlie  tube  of  tlie  pressure  gauge.  This 
method  of  filling  ensures  the  removal  of  all  air.  When  all  the  air  has 
been  removed  the  cocks  at  each  end  of  the  system  are  closed.  The  stops 
have  now  to  be  adjusted  so  tliat  the  maximum  pressure  of  the  water 
cannot  exceed  100  lb.  per  square  inch,  or  else  the  gauge  might  be 
destroyed.  After  the  adjustments  are  satisfactory  a  run  is  made  to 
some  given  point  over  a  given  piece  of  road  whose  surface  is  of  the 
desired  type,  a  return  run  being  made  over  the  same  road  back  to  the 
starting-point.  By  taking  the  mean  values  for  the  double  journey, 
out  and  return,  the  effect  of  inclines  is  eliminated.  The  load  is  then 
increased  and  the  route  traversed  again,  and  so  on.  For  the  first  few 
experiments  for  a  given  load  the  speed  was  given  a  succession  of  values 
ranging  from  six  to  fourteen  miles  an  hour,  all  in  the  inward  run,  just 
remaining  constant  at  each  speed  for  a  sufficient  distance  to  give  a 
definite  reading  on  the  paper,  and  during  the  return  journey  the  speeds 
were  gone  througli  in  the  reverse  order,  so  that  as  near  as  possible  the 
same  piece  of  road  was  traversed  at  the  same  pace  in  each  direction, 
this  procedure  being  repeated  for  each  load.  This  was  not  found  very 
satisfactory  on  the  whole,  so  that  for  the  succeeding  experiments  a  given 
space  was  covered  both  on  the  outward  and  return  journeys  at  a  definite 
speed.  The  same  journey  was  then  traversed  under  a  higher  constant 
speed,  and  so  on,  until  sufficient  readings  had  been  obtained  to  give  a 
curve.     This   process   was   gone    through    for    each   load.     This   method, 
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although  slower  than  that  tried  at  first,  was  found  to  give  much  more 
satisfactory  results.  As  the  dynamometer  has  only  been  completed 
sach  a  short  time,  the  trials  are  as  yet  only  preliminary;  the  general 
results,  however,  tend  to  confirm  those  of  previous  investigators.  The 
diagrams  shown  at  the  meeting  have  not  been  reproduced  here,  it  being 
thought  unnecessary,  as  they  will  have  to  be  all  reproduced  in  the  next 
report,  by  which  time  the  striking  results  brought  out  by  them,  if  duly 
confirmed,  will  by  repeated  experiment  have  been  placed  beyond  question. 

EjEperiments, 

The  first  experiment  was  conducted  near  Sefton  with  an  ordinary 
light  lurry  wheel,  40  inches  diameter,  having  a  3-inch  iron  tyre, 
slightly  rounded  in  section.  This  wheel  was  kindly  lent  by  Messrs. 
T.  Coleburn  &  Son,  Cherry  Lane,  Walton,  who  have  also  promised  to 
lend  diiferent  sizes  of  wheels  of  a  similar  type  for  the  experiments. 

The  wheel  was  mounted  on  a  pair  of  springs,  3  feet  2  inches  centres, 
each  having  six  plates  2^  inches  by  -A-  inch.  Three  different  runs  were 
made  with  loads  of  3^,  5|,  and  8|  cwt.  respectively,  with  velocities 
ranging  from  6  to  14  miles  per  hour.  The  results  obtained,  however, 
were  not  very  satisfactory. 

The  second  series  of  experiments  were  made  with  the  same  wheel 
and  springs  as  were  used  in  the  first  series,  viz.,  light  lurry  wheel, 
40  inches  diameter,  having  3-inch  tyre  slightly  rounded  in  section,  the 
springs  each  consisting  of  six  plates  2^  by  -^  inch.  The  route  was  a 
portion  of  Begent  Road,  Bootle,  which  runs  parallel  to  the  line  of  docks, 
and  is  quite  level.  It  is  paved  with  setts,  6  inches  by  3  inches,  with  a 
1-inch  gap,  and  has  a  regular  but  fairly  rough  surface.  Two  runs  were 
made  with  loads  of  6  and  8^  cwt.  respectively  at  speeds  at  from  5  to 
14  miles  per  hour. 

A  wall-diagram  was  exhibited  showing  the  results  of  the  series  of 
experiments.  For  both  loads  the  tractive  effort  increased  rapidly  with 
the  velocity,  and  at  the  same  time  was  fairly  proportional  to  the  load. 
A  diagram  showed  the  results  plotted  as  tractive  effort  per  ton. 

The  third  series  of  experiments  were  made  with  a  pneumatic-tyred 
wheel,  24  inches  diameter,  2|  inches  tyre.  The  springs,  3  feet  2  inches 
centres,  each  consisted  of  two  plates  2^  inches  by  -^^  inch.  This  trial 
was  made  on  September  5  on  a  level  stretch  of  macadam  road  passing 
through  Ince  Woods,  near  Sefton.  The  surface  was  in  fairly  good 
condition,  slightly  wet  in  places. 

With  these  series  of  experiments  a  run  was  made  with  a  given  load 
at  a  constant  speed  to  a  spot  about  h  mile  from  the  starting-point.  The 
return  run  was  made  at  the  same  speed.  With  the  same  load  a  higher 
speed  was  then  taken,  and  so  on,  so  that  for  each  load  readings  were 
taken  at  about  6},  8,  10,  and  14  miles  per  hour.  This  method  of  pro- 
cedure was  followed  for  each  load  carried.  The  leverage  used  was  4  to  1, 
and  the  loads  were  respectively  315,  427,  539,  and  651  lb. 

Wall-diagram  No.  5  showed  the  tractive  effort  velocity  curves  for 
each  load.  It  was  noted  that  the  tractive  effort  was  directly  proportional 
to  the  load,  but  increased  very  slightly  with  the  velocity.  This  was  what 
was  observed  by  M.  Michelin  in  his  experiments. 

Wall-diagram  No.  6  showed  a  curve  plotted  between  tractive  effort 
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and  load  for  the  above.  It  being  a  straight  line  showed  that  the  tractiTe 
effort  was  directly  proportional  to  the  load« 

Wall-diagram  Ko.  7  gave  the  four  curves  of  diagram  No.  5  plotted 
as  tractive  effort  per  ton. 

A  specimen  of  the  graph  was  reproduced  on  a  large  scale  as  a  wall- 
diagram  to  show  the  nature  of  the  curve  obtained.  In  the  exx>erim6nt8 
which  have  been  made  as  yet  only  level  roads  have  been  tried ;  and  it 
was  not  possible  on  a  level  road,  dragging  the  wheels  behind,  to  experi- 
ment satisfactorily  with  speeds  of  more  than  15  miles  per  hour  with  the 
present  car.  For  higher  readings  than  this,  experiments  will  be  con- 
ducted on  an  incline  of  such  a  gradient  that  a  positive  reading  is 
recorded  on  the  dynamometer,  so  that  to  find  the  pull  on  the  wheel  for 
the  velocity  it  is  only  necessary  to  add  to  the  registered  pull  the  com- 
ponent of  gravity  parallel  to  the  surface  in  question.  By  this  means  it 
will  be  possible  to  reach  speeds  up  to  30  miles  per  hour. 

Behaviour  of  Apparatus, 

The  behaviour  of  the  apparatus  is,  on  the  whole,  very  satisfactory. 
The  experimental  wheel  runs  very  steadily  behind  the  car,  even  with 
heavy  loads  at  high  speeds.  The  lurry  wheel,  however,  runs  better  on 
setts  than  on  macadam,  oscillating  sideways  somewhat  when  passing  over 
the  latter  at  a  high  speed.  The  pneumatic-tyred  wheel  runs  exceedingly 
steady  over  all  roads  at  all  speeds. 

The  pneumatic  cushion  answers  very  well,  allowing  the  instrument 
to  swing  gently  from  side  to  side  instead  of  its  having  to  suffer  a  violent 
vibration  set  up  owing  to  the  shaking  of  the  car,  due  both  to  the  engines 
and  to  rough  roads. 

The  results  given  at  the  meeting  were  all  it  was  possible  to  obtain 
during  the  short  time  that  tlie  apparatus  has  been  available,  but  it  is 
hoped  that  during  the  ensuing  year  reliable  and  valuable  results  may  l>e 
obtained,  although,  of  course,  to  get  a  complete  series  of  results  under 
all  conditions  must  necessarily  involve  an  immense  amount  of  time  and 
labour,  as  with  so  many  variable  quantities  the  changes  could  be  rung 
on  them  ad  infinitum. 

Plate  VIII.  shows  photographs  of  the  dynamometer  ready  for  use; 
Plate  IX.  gives  views  of  the  recording  instrument. 


General  view  of  dynsmometer,  with  40-in.  lorry  wlieel  in  frftme. 


Dynamometer.     End  view  ttoiuXncV.  \T"  '""■  "P-  ^ 
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L  Results  of  Trials  made  with  Committer's  Dynamometer* 

In  the  last  report  the  new  dynamometer  made  for  the  committee  was 
described  and  illustrated,  together  with  an  account  of  the  calibration  of 
the  apparatus. 

It  will  have  been  noticed  in  the  drawing  of  the  instrument  that  a 
small  screw-down  valve  was  fixed  in  the  circuit  of  tube  which  transmits 
the  pressure  from  the  plunger  to  the  recording  gauge,  this  valve  being 
for  the  purpose  of  throttling  the  flow  of  water,  and  thus  damping  the 
oscillations  of  the  pencil.  The  principal  dimensions  of  the  valve  are  as 
follows : — 

Width  of  seat, '008   inch. 

Smallest  diameter  of  seat,         .....  *1595    ,, 

Largest         „  „  •1698    „ 

Pitch  of  screw,  .        • *046      ,, 

It  was  found  that  to  produce  sufficient  damping  action  it  was  necessary 
to  have  this  valve  off  its  seat  by  an  amount  of  not  more  than  0153  inch. 

It  was  pointed  out  by  Mr.  A.  Mallock,  F.R.S.,  of  London  (a  member 
of  this  committee),  that  the  flow  under  a  constant  pressure  of  a  fluid 
through  a  thin  fllm-like  orifice  such  as  this,  might  be  different  in 
one  direction  to  what  it  would  be  when  flowing  in  a  reverse  direction, 
owing  to  the  stream-line  formation  not  being  symmetrical  about  the 
constriction. 

If  such  were  the  case  the  true  mean  pressure  would  not  be  recorded, 
but  some  pressure,  either  greater  or  less  than  the  true  mean,  according  to 
which  side  of  the  valve  was  next  to  the  plunger. 

Experiments  were  made  to  determine  the  minimum  orifice  that  might 
be  used,  and  it  was  found  that  equal  flow  from  either  side  did  not  occur 
until  the  valve  was  opened  by  at  least  half  a  turn,  this  corresponding  to 
the  valve  being  raised  from  its  seat  a  distance  of  '023  inch.  So  that  there 
should  be  no  doubt  about  the  orifice  being  too  small,  the  experiments 
were  conducted  with  the  valve  open  by  a  considerable  amount^  the 
damping  action  being  obtained  by  squeezing  the  rubber  tube  which 
connected  the  gauge  to  the  dynamometer  by  suitable  clips  placed  on  the 
tube  some  distance  from  any  change  in  cross-section.  By  this  means  the 
stream-line  flow  was  kept  perfectly  symmetrical  about  the  constriction, 
and  hence  the  true  mean  pressure  was  recorded. 

Mr.  Mallock  has  suggested  the  adoption  of  a  length  of  resistance 
tubing  (say  ^th  inch  bore)  to  attain  the  same  end,  and  this  will  be  fitted 
for  subsequent  trials. 
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Eaqterimenti, 

The  first  experiments  conducted  with   this  dynamometer  were  men 
tioned  in  the  last  report,  and  the  results  were  indicated  hy  means  of  wall- 
diagrams.     The  results  then  obtained  have  been  carefully  gone  into,  and 
from  them  the  following  curves  have  been  plotted. 

Experiments  foUh  Iron  Tyres, 

These  experiments  were  conducted  on  a  portion  of  Regent  Road, 
Bootle,  which  is  paved  with  setts  6  inches  by  3  inches,  having  a  regular 
but  fairly  rough  surface,  with  a  1-inch  gap  between  the  joints.  R^nt 
Road  runs  along  the  line  of  docks,  and  is  in  consequence  free  from 
gradients;  it  is,  however,  so  crowded  with  vehicles  during  the  daytime 
that  it  was  found  necessary  to  conduct  this  series  of  experiments  during 
the  night. 

The  wheel  used  was  a  light  lurry  wheel,  40  inches  diameter,  having  a 
3-inch  iron  tyre  slightly  rounded  in  section. 

The  axle  was  tilted  up  out  of  the  horizontal  at  one  end  so  that  the 
wheel — which  was  slightly  coned — could  take  up  a  position  exactly 
similar  to  the  lurry  wheels  in  general  use ;  it  was  mounted  on  a  pair  of 
springs  3  feet  2  inches  between  the  centres  of  attachment,  each  spring 
comprising  six  plates  2\  inches  by  -^  inch. 

Three  runs  were  made  over  this  particular  route  with  loads  of  392, 
672,  and  952  lb.  respectively,  at  speeds  of  from  5  to  14  miles  per 
hour. 

The  results  of  these  trials  are  plotted  in  fig.  152,  with  total  tractive 
effort  (inclusive  of  axle  friction,  etc.),  as  ordinates,  and  velocity  as 
abscissee. 

It  will  be  noticed  that  for  each  curve  the  tractive  effort  increases 
with  the  velocity,  but  tliese  curves  and  all  subsequently  obtained  are 
concave  downwards,  showing  that  the  rate  of  increase  of  tractive  effort 
diminishes  with  tlie  velocity.  This  may  be  due  to  the  fact  that  as  the 
wheel  travels  faster  it  has  less  time  to  fall  into  the  little  hollows  in  the 
roadway,  merely  skimming  along  the  tops  of  the  ridges. 

Well-laid  setts  under  these  circumstances,  even  with  wide  deep  gaps, 
form  a  perfectly  smooth  track  at  high  speeds.  This  is  well  brought 
out  in  fig.  155,  which  shows  a  smaller  tractive  effort  for  setts  than  for 
macadam. 

On  looking  into  the  matter,  this  is  as  it  should  be.  Consider  two 
perfectly  level  roads,  one  made  witli  setts  and  the  other  with  macadam : 
the  setts  present  a  surface  which  is  extremely  hard,  although  irregular, 
but  this  irregularity  with  well-laid  setts  is  more  apparent  than  real,  as 
the  tops  of  the  setts  themselves  are  smooth  and  level  and  all  in  the  same 
plane. 

The  macadam,  on  the  other  hand,  although  quite  level,  is  not  nearly 
so  hard  as  the  stone  surface,  and  is,  moreover,  covered  with  a  thin  layer 
of  dust  or  fine  gravel,  which,  as  is  well  known,  retards  the  progress  of  a 
vehicle. 

Experiments  with  Pneumatic  Tyres, 

A  series  of  experiments  were  made  with  a  pneumatic-tyred  wheel, 
24  inches  diameter,  2|-inch  tyre.     This  was  a  wire-spoked  wheel  of  the 
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type  used  on  light  voiturettes;  it  was  mounted  on  the  same  springs  as 
the  lurry  wheel  mentioned  previously,  hut  they  were  reduced  in  strength 
hy  the  removal  of  four  plates,  so  that  each  spring  consisted  of  two  plates 
3  feet  2  inches  long,  2^  inches  wide,  and  ^  inch  thick. 

This    series    of    experiments   was    conducted    on   a  level  stretch  of 
macadam  road,  the  surface  of  which  was  in  fairly  good  condition,  slightly 
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Velocity — miles  per  hour. 
Fio.  152. — Tractive-effort  velocity  curves  for  40-in.  iron  tyre  on  setta 

wet  in  places;  runs  were  made  with  loads  of  315,  427,  539,  and  651  Ih. 
respectively. 

Fig.  153  shows  tractive  eflfort  and  velocity  plotted  for  each  of  these 
loads.  It  will  he  noticed  that  the  ratio  of  tractive  effort  to  load  for 
these  curves  is  very  nearly  constant,  and  that  the  tractive  effort  increases 
slightly  with  the  velocity.  Sufficient  results  have  not  yet  been  obtained 
to  enable  this  committee  to  state  definitely  the  law  relating  to  tractive 
effort  and  load,  but  the  results  of  the  experiments  that  have  been  made 
agree  with  those  obtained  by  such  pioneers  in  this  research  as  General 
Morin,  M.  Dupuit,  M.  Michelin,  and  others.     Assuming  for  the  time  that 
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Velocity—milefl  per  hour. 
Fio.  168. — ^Tractive-effort  velocity  curves  for  24-in.  x  2i-in.  pneumatic  tyre  on  macadam. 

the  tractive  effort  is  directly  proportional  to  the  load,  a  curve  has  been 
plotted  between  tractive  effort  per  ton  and  velocity  (fig.  154)  which  is  useful 
for  comparison  with  similar  curves  for  wheels  of  different  diameters. 

Additional   experiments   were   made   on    pneumatic  tyres    under   the 
auspices   of    the   Automobile   Club  of  Great  Britain  and   Ireland.     For 


Velocity — miles  per  hour. 

Fig.  154. — Curve  showing  tractive  effort  per  ton  for  pneumatic  tyre  24-in.  x  2}- in.  on 

macadam. 
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these  trials  it  was  found  that  the  car  used  by  the  committee  was  not  of 
sufficient  power;  a  24  horse-power  Fanhard  and  Levassor  car  was  there- 
fore temporarily  used. 

It  will  be  noticed  in  the  photograph  of  this  later  car  (Plate  X.) 
that  the  springs  supporting  the  experimental  wheel  have  been  placed  above 
the  frame,  thus  enabling  the  centre  of  gravity  of  the  trailer  to  be  brought 
very  near  to  the  ground.  This  alteration  was  found  necessary  owing  to 
a  sidelong  oscillation  taking  place  at  high  velocities  when  the  frame  was 
in  the  position  as  first  arranged.  The  altered  position  proved  quite 
successful,  not  the  slightest  oscillation  of  the  trailer  being  noticed  even 
when  heavily  loaded  and  travelling  at  35  miles  per  hour,  which,  it  must 
be  admitted,  is  a  fairly  high  speed  at  which  to  tow  a  wheel  loaded  with 
a  weight  of  900  lb. 

Some  difficulty  was  at  first  experienced  in  getting  this  car  to  pull 
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Fio.  155. — Tractive-efibrt  corves  for  84*in.  pneumatic  tyres  on  new  macadam. 

steadily  at  lower  speeds,  as  the  governor  was  constantly  coming  into 
action  owing  to  the  full  power  not  being  required.  This  was  finally  over- 
come by  completely  cutting  out  two  of  the  cylinders,  and  thus  reducing 
the  power  of  the  car  by  half. 

These  experiments  were  made  with  two  sizes  of  tyres,  one  34  inches 
diameter  by  Z\  inches,  and  the  other  34  inches  diameter  with  a  mean 
diameter  of  cross-section  of  4^  inches. 

Runs  were  made  at  speeds  of  from  12  miles  to  35  miles  per  hour, 
over  both  good  macadam,  frozen  hard,  and  good  dry  setts.  The  springs 
supporting  the  trailer  were  3  feet  2  inches  long,  each  having  four 
plates  2^  inches  by  ^  inch,  and  the  tyres  were  in  all  cases  pumped  to 
a  pressure  of  60  lb.  per  square  inch,  the  total  load  on  the  wheel  being 
896  lb.  The  results  obtained  and  plotted  in  fig.  155  show  that  the  tractive 
effort  under  similar  conditions  as  to  road  surface  and  speed  is  less  for  the 
tyre  of  smaller  cross-section  than  it  is  for  that  having  the  larger  section. 
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This  may  be  due  to  the  fact  that  the  tread  of  the  larger  tyre  was  mndi 
thicker  than  the  smaller,  rendering  it  in  consequence  more  after  the 
nature  of  a  solid  tyre,  it  being  well  understood  that  a  perfect  pneumatic 
tyre  should  have  as  little  inelastic,  or  comparatively  inelastic,  material 
about  it  as  possible ;  or,  the  greater  tractive  effort  may  have  been  due  to 
the  greater  cross-section.  Bepeated  ezpenments  alone  can  definitely  settle 
this  question. 

Fig.  156  shows  these  curves  plotted  as  tractive  effort  per  ton.  On  the 
same  axes  the  tractive  effort  per  ton  has  been  plotted  for  the  previous 
wheel  (pneumatic  tyre  34  inches  by  2f  inches),  and  it  is  very  much  greats 
than  that  for  the  84-inch  wheels. 
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Velocity— miles  per  hour. 
Fig,  156. — Curves  showing  tractive  eflbrts  per  ton  for  pneumatio  tyres. 

NoU.—The  macadam  on  which  the  24-lii.  wheel  was  run  waa  older  than  that  on  which  the  84-in. 

wheels  were  tried. 

This  committee  is  not  yet  in  a  position  to  state  the  exact  relation 
between  tractive  effort  and  diameter  of  wheel ;  but,  taking  the  results  of 
General  Morin,  that  the  draught  is  inversely  proportional  to  the  diameter 
of  the  wheel,  a  curve  has  been  plotted  (fig.  156)  which  reduces  the  tractive 
eflfort  of  the  24-inch  wheel  to  that  of  an  equivalent  34-inch  wheel.  Con- 
sidering the  variations  that  may  have  existed  in  the  roads  on  which  the 
wheels  were  tried,  as  it  was  at  different  times  of  the  year,  these  results 
harmonize  fairly  well. 


II.  Suggestions  by  Mr.  B.  J,  Diploch 

The  following  suggestions  with  regard  to  trials  of  wheels  for  heavy 
traffic  were  submitted  to  the  committee  by  Mr.  B.  J.  Diplock  (memberX 
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at  a  meeting  held  at  the  Society  of  Arts,  London,  on  Friday,  May  15, 
1903  :— 

Assuming  that : 

1.  All  wheels  are  coned  or  straight  in  cross-section  ; 

2.  All  roads  are  arched  or  flat  in  cross-section ; 

3.  It  seems  evident  that  coned  wheels  on  flat  roads,  thus — 


Fio.  167. 
or  flat  wheels  on  arched  roads  thus — 


Fig.  158. 


cause  increased  road  resistance  in  proportion  as  the  wheels  are  coned 
or  the  roads  arched  in  relation  to  each  other,  and  that  the  same  result 
18  caused  hy  inequalities  in  the  road  surfnce — viz.,  that  wide  tyres  do 
not  ohtain  an  even  hearing  throughout  their  entire  width,  except  on  very 
soft  and  yielding  ground. 

Starting  from  the  ahove  statements,  and  as  the  results  of  long  ex- 
perience and  observation,  he  had  come  to  the  conclusion  that  for  Juavy 
traffic  wheel  tyres  of  more  than,  say,  9  inches  in  width  have,  in  practice, 
little  or  no  material  value  as  tending  to  reduce  road  resistance  or  damage 
to  the  road  surface,  and  he  suggested  that  experiments  might  be  carried 
out  with  a  view  to  testing  the  accuracy  of  this  conclusion. 

Assuming  that  9  inches  were  adopted  as  a  useful  maximum  width 
of  tyre  for  heavy  haulage  on  average  roads,  he  submitted  the  following 
theory: — 

1.  That  the  supporting  power  of  a  road  is  limited  by  the  cohesive 
friction  of  the  road  molecules  or  particles  against  each  other. 

2.  That  this  supporting  power  limit  varies  very  considerably  according 
to  the  material  used  in  constructing  the  road  and  the  moisture  absorbed 
in  the  road. 

He  would  be  prepared  to  find  that  road  resistance  up  to  certain  limits 
of  weight  on  each  wheel  (for  each  class  of  road)  varies  approximately  in 
direct  proportion  to  the  increased  weight  on  each  wheel. 

He  was  of  opinion,  however,  that  if  this  limit  of  weight  per  wheel  is 
exceeded  so  as  to  overcome  the  frictional  cohesion  of  the  road  molecules 
against  each  other,  then. an  entirely  new  set  of  conditions  arises;  and  he 
would  be  prepared  to  find  that  road  resistance  would,  under  such  con- 
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diiions,  increase  altogether  <mt  of  proportion  to  increased  weight  on  the 
wheels. 

He  urges  that  the  committee  take  steps  to  ascertain — 

1.  The  maximum  "  useful "  width  of  tyre  for  heavy  traffic  on  average 
roads. 

2.  The  "  limit "  of  weight  on  each  wheel  (for  various  classes  of  road)  up 
to  which  road  resistance  increases  in  direct  approximate  proportion  to 
the  increase  of  weight  on  each  wheel. 

3.  The  rate  of  increased  road  resistance  when  that  limit  is  moderaidy 
exceeded. 

III.  Papers  read  at  the  International  Congress  on  Automobilisn% 

Paris,  1903. 

By  permission  of  the  British  Association  Committee  a  paper  was  read 
at  the  Congress  by  Professor  Hele-Shaw  on  the  work  which  has  been 
carried  out  during  the  past  year. 

He  gave  a  description  of  the  British  Association  dynamometer, 
recounting  the  reasons  why  it  was  decided  to  adopt  the  one-wheel  trailer, 
and  then  gave  a  rSsumS  of  the  experiments  which  have  been  made.  The 
paper  was  illustrated  by  photographs  and  diagrams. 

Abstract  of  Paper  by  M,  Gerard  Lavergne,  on  Tractioncd  Resistance,— Tractive 
Effort — Springs — Effect  of  Nature  of  Tyre — Air  Resistance — Power  required 
by  Automobiles, 

Tractive  ^ort. 

In  his  paper  M.  Lavergne  referred  to  the  report  of  this  committee 
read  at  the  Belfast  meeting  last  year,  and  gave  some  particulars  of 
similar  experiments  made  in  America.  He  stated  that  Professor  Ira  0. 
Baker,  of  the  Illinois  State  University,  is  of  opinion  that  the  axle  friction 
is  independent  of  the  speed,  but  varies  inversely  as  the  square  root  of  the 
load  supported.  Where  the  vehicles  carried  only  a  light  load,  the* 
coefficient  of  friction  was  about  0  02  ;  heavy  loads  gave  an  average  of  not 
more  than  0*015,  while  with  exceptionally  heavy  loads  this  coefficient  fell 
as  low  as  0*0 12.  These  values  assume  efficient  lubrication ;  with  in- 
different lubrication  they  rose  to  as  much  as  six  times  the  amount. 

Concerning  rolling  friction  Professor  Baker  believes  that  the  resist- 
ance varies  inversely  as  the  square  root  of  the  diameter  of  the  wheels. 

The  values  above  given  for  axle  friction  differ  somewhat  from  those 
given  by  M.  Forestier,  who  gives  0  10  for  an  ordinary  bearing  lubricated 
with  cart  grease,  O'Ol  with  patent  axle-box  lubricated  with  oil,  0*005  with 
lubricated  ball-bearings,  0*0025  with  the  lubricated  "  Philippe "  bearings 
(which  last-named  are  ball-bearings  having  small  balls  between  the  larger 
ones,  thus  obviating  friction  amongst  the  latter  and  ensuring  an  equal 
distribution  of  pressure  upon  all  the  balls). 

To  thoroughly  understand  the  difference  between  these  sets  of  figures 
it  would  be  necessary  to  know  the  exact  conditions  of  lubrication  and  the 
nature  of  the  bearings  employed  by  Professor  Baker. 

M.  Lavergne  does  not  consider  that  the  differences  shown  are  very 
surprising,  as   we  know  that   the  coefficient  mentioned   by  M.    Forestier 
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has  reference  to  a  patent  journal,  the  wheel  revolving  evenly  in  a  plane, 
without  lateral  jerks,  whilst  a  wheel  revolving  in  less  favourable  condi- 
tions— as,  for  instance,  on  a  rough-paved  road — would  give  a  higher  figure. 
The  most  important  fact  shown  by  Professor  Baker's  experiment  is  that 
the  friction  of  the  journal  varies  with  the  load  upon  the  axle. 

M.  Jeantaud  made  some  experiments  on  road  resistance  with  an 
electric  vehicle.  Such  an  automobile  is  eminently  suited  for  this  work, 
on  account  of  the  perfect  sensibility  and  absolute  accuracy  obtainable. 
He  used  for  these  experiments  a  car  having  four  equal  wheels  fitted  with 
Michelin  tyres  840  by  90  mm. ;  the  front  axles  were  40*0  mm.  diameter, 
and  the  back  axles  were  of  tempered  steel  on  bronze  hubs,  the  diameter 
being  55'0  mm.  The  car  with  four  persons  weighed  1780  kilos.,  or 
3925  lb. 

At  a  speed  of  15  kilometres  per  hour,  or  9*32  miles  per  hour,  this  car 
required  a  current  of  22  amperes  at  80  volts — that  is,  1760  watts. 

If  15  per  cent,  is  deducted  as  the  friction  of  the  motor  itself,  the 
energy  of  propulsion  is  1496*0  watts,  or  149*6  kilogrammetres  per  second. 

Working  this  out  in  English  units,  we  have  a  total  tractive  effort  of 
81  lb.,  or  46  lb.  per  ton. 

M.  Jeantaud  has  calculated  with  Morin's  formulae  and  coefficients. 

First, — ^The  rolling  friction,  by  the  formula, 

in  which  /  is  a  coefficient  expressed  in  kilogrammes,  varying  with  the 
nature  of  the  road  and  the  width  of  the  tyre,  the  value  of  /  for  a  smooth 
dry  road  being  0010 ;  F,.  is  the  rolling  friction ;  P  is  the  total  load  on 
the  vehicle  in  tons  ;  and  I)  is  the  diameter  of  the  wheel. 
Second. — The  axle  friction,  by  the  formula, 

in  which  «  is  a  coefficient  expressed  in  kilogrammes  (varying  with  the 
mode  of  lubrication  and  the  nature  of  the  rubbing  surfaces)  and  being 
taken  as  equal  to  0*015 ;  d  is  the  diameter  of  the  axle ;  and  p  the  weight 
of  the  car  without  the  wheels. 

Adding  these  two  resistances  and  multiplying  the  total  effort  by  4*16, 
the  velocity  in  metres  per  second  corresponding  to  15  kilometres  per 
hour,  the  work  done  per  second  is  182*274  kilogrammetres,  or  1320  ft.  lb. 

This  figure  would  be  that  given  for  an  iron-tyred  vehicle,  the  only 
kind  employed  at  the  time  of  M.  Morin.  According  to  M.  Michelin, 
the  advantage  obtained  by  using  pneumatic  tyres  over  iron  tyres  on  a 
road  similar  to  the  above  would  be  at  least  15  per  cent.  Taking  15  per 
cent,  off  the  figure  obtained,  the  work  expended  on  traction  is  reduced 
to  154*933  kilogrammetres,  or  1120  ft.  lb.  per  second.  This  value  is 
very  near  to  that  actually  obtained,  viz.,  149*6  kilogrammetres  per  second 
(1084  ft.  lb.  per  second),  and  this  proves  the  correctness  of  the  values 
given  for  the  coefficients/  and  s. 

In  January  1903,  M.  Jeantaud,  with  the  same  electric  automobile, 
between  the  bridges  of  Bineau  and  Neuilly,  on  a  stretch  of  road  just 
1  kilometre  in  length,  showed  that  the  tractive  effort  for  a  road  covered 
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with  thick  mud  was,  as  General  Morin  found,  quite  double  that  on  a  dry 
road. 

On  January  20,  on  the  road  in  question,  being  then  yery  muddy,  (he 
track  was  covered  on  the  third  speed  in  4  minutes,  with  a  current  of 
30  amperes  at  80  volts.  In  English  units  this  would  be  a  mean  speed 
of  9'32  miles  per  hour,  or  1366  feet  per  second,  with  a  total  tractive 
effort  of  130  lb.,  or  74  lb.  per  ton. 

On  January  21,  over  the  same  kilometre,  hardened  by  the  frost  and 
very  smooth,  on  the  third  speed  the  track  was  covered  in  3  minutes 
28  seconds  with  a  current  of  20  amperes  at  80  volts.  This  speed  would 
be  equivalent  to  10*80  miles  per  hour,  or  15*80  feet  per  second,  with  a 
total  tractive  effort  of  75  lb.,  or  42*7  lb.  per  ton. 

Thus  the  tractive  effort  was  42*3  per  cent,  less  on  the  hard  road  than 
on  the  muddy  road  at  the  third  speed.  On  the  fourth  speed  M.  Jeantaud 
found  that  this  difference  increased  to  50  per  cent. 

These  experiments  confirm  those  of  General  Morin,  and  show  the 
accuracy  with  which  that  ingenious  man  carried  out  his  work.  But  they 
have  to  be  made  at  speeds  near  to  those  used  by  Morin,  and  it  is  not  i^ 
all  certain  that  other  experiments,  at  much  higher  speeds,  under  the  new 
conditions  of  automobilism,  so  different  from  those  of  the  iron-tyred 
vehicles,  would  give  corresponding  results. 

Sprvngs, 

When  pneumatic  tyres  are  used,  it  must  not  be  thought  that  springs 
can  be  dispensed  with,  as  the  duty  performed  by  the  tyre  is  quite 
different  from  that  of  the  springs.  The  pneumatic  tyre  does  away  with 
the  slight  vibration  caused  by  the  wheel  encountering  gravel,  stones  and 
small  obstacles  generally,  but  the  height  of  the  axle  from  the  ground 
scarcely  varies,  as  the  tyre  absorbs  within  itself  these  small  objects. 

Experience  has  proved  that  these  small  vibrations,  if  not  absorbed  by 
the  tyre,  would  be  transmitted  through  the  springs  to  the  body  of  the 
car,  to  the  great  discomfort  of  its  occupants,  and  would  tend  to  reduce 
the  life  of  the  motor,  owing  to  the  crystallisation  of  the  parts  subjected  to 
strain. 

But  the  pneumatic  tyre  will  not  yield  much  more  than  1  inch,  and 
is  in  consequence  unable  to  save  the  car  from  vibration  when  passing 
over  a  large  obstacle  or  a  deep  rut ;  whereas  the  springs,  with  a  resilience 
of,  say,  4  inches,  would  be  well  adapted  for  this  purpose. 

Spiral  springs  have  been  tried  with  unsatisfactory  results,  and  they 
can  practically  only  be  used  where  heavy  weights  are  carried.  Plate 
springs  must  necessarily  be  employed  when  ease  and  comfort  are  desired. 

It  may  be  pointed  out  here  that  the  method  of  attaching  plate  springs 
to  the  frame  is  a  matter  of  considerable  importance.  M.  Gaillardet 
believes  that  the  usual  method  is  not  at  all  satisfactory.  The  ordinary 
practice  is  to  use  clips  which  are  pivoted  to  a  bracket  depending  from 
the  frame,  these  clips  being  outside  of  and  lower  than  the  normal  plane 
of  the  spring.  From  the  bracket  they  rise  at  an  angle  of  about  45'  and 
meet  the  ends  of  the  spring,  to  whicli  their  upper  ends  are  pivoted.  The 
result  is,  when  the  wheel  passes  over  an  obstruction  of  any  appreciable 
size,  the  axle  rises  under  the  centre  of  the  spring,  the  plates  of  which 
lengthen  (theoretically)  and  tend  to  form  a  straight  line,  and  at  once  the 
load  above  is  thrown  upwai-d  in  the  same  proportion. 


APPENDIX.  509 

On  the  other  band,  where  the  clips  are  so  connected  with  the  spring 
to  work  within  its  length  and  under  its  ends,  instead  of  beyond  them, 
any  shock  given  to  the  wheel  causes  the  load  to  fall,  and  the  loss  of 
mechanical  energy  is  less. 

M.  Guillardet  is  of  opinion  that  the  springs  should  be  so  arranged 
that  each  wheel  is  free  to  rise  or  fall  independently  of  the  others.  When 
this  is  done,  an  obstacle  under  one  wheel  will  raise  that  wheel  only,  and 
the  centre  of  gravity  of  the  whole  car  is  raised  a  smaller  distance  than 
would  otherwise  be  the  case.  To  attain  this  result  he  proposes  to  mount 
the  front  axle  on  a  single  transverse  spring,  thus  reducing  the  number  of 
springs  on  the  car  to  three. 

When  the  springs  have  been  depressed  by  an  obstacle  in  the  roadway, 
they  only  return  to  the  position  of  equilibrium  after  a  number  of  oscilla- 
tions of  decreasing  amplitude  have  taken  place.  It  is  advisable  to  spare 
the  vehicle  this  continued  oscillation,  as  at  high  speeds  it  causes  the 
wheels  to  leave  the  ground,  and  consequently  reduces  the  effective  power 
of  the  motor.  M.  Truflault  has  taken  out  a  patent  for  an  arrangement 
to  remedy  this  defect.  Tlie  friction  between  two  metal  surfaces  prevents 
the  oscillations  from  arising.  He  tried  a  spring  fitted  with  this  damping 
action  on  a  quadricycle,  which  carried  his  son  to  victory  over  the  kilo- 
metre at  Deauville  in  1901.  This  spring  has  given  very  good  results, 
enabling  one  to  travel  rapidly  even  over  the  worst  of  paved  roads. 

Effect  of  the  Nature  of  the  Tyres. 

The  experiments  of  M.  Micheliii  have  shown  that  the  tractional 
resistance  is  reduced  from  15  per  cent,  to  30  per  cent.,  according  to  the 
nature  of  the  road,  by  the  use  of  pneumatic  tyres  in  place  of  metal 
tyres.  He  explains  this  by  the  well-known  saying,  "  Le  pneu  boit 
Pobstacle,"  Baron  de  Mauni,  in  a  recent  work,  has  given  an  account  of 
some  experiments  which  he  made  on  different  tyres,  particularly  pneu- 
matics. He  showed  that  if  two  wheels  with  tyres  of  equal  widths 
supported  equal  loads,  the  one  that  has  the  greater  arc  of  contact  with 
the  ground  will  travel  better  than  the  other.  With  a  rigid  tyre  such 
extended  contact  can  only  be  secured  by  increasing  the  diameter  of  the 
wheel,  which  is  impossible  beyond  certain  limits,  so  that  the  tyre  will 
sink  into  the  ground  by  an  amount  proportional  to  the  weight  carried. 
With  rubber  tyres  the  increased  area  of  contact  is  due  to  the  elasticity  of 
the  material  and  not  to  the  increased  diameter,  so  that  the  wheel  does 
not  sink  into  the  road. 

Professor  Baker's  experiments  seem  to  show  that  on  good  roads  the 
width  of  tyre  has  little  effect  on  the  resistance,  and  that  even  on  bad 
roads  the  advantage  lies  sometimes  with  the  wide  tyres  and  sometimes 
with  the  narrow  ones,  according  to  circumstances.  Arguments  have  been 
advanced  in  favour  of  both  wide  and  narrow  tyres,  but  nothing  very 
definite  seems  to  be  known  on  the  subject;  according  to  M.  Michelin, 
if  we  reduce  the  width  of  the  tyre  we  reduce  the  adhesion  to  the  ground, 
which  is  already  little  enough.  As  a  case  in  point,  he  mentions  that 
M.  Serpollet,  in  order  to  attain  a  speed  of  120  kilometres  (76  miles)  per 
hour  on  the  Promenade  des  Anglais  in  1902,  had  to  deflate  his  tyres,  and 
thus  get  a  larger  surface  of  contact  with  the  ground.  Besides,  in  order 
to  get  a  narrow  tread  it  is  necessary  to  give  to  the  tyre  a  form  other  than 
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dioalar,  and  tiiis  shape  can  only  be  retained  al  the  expenae  of  ite  flezi- 
faility.  Conaequently  a  tyre  of  ttua  deacription  will  be  sulgeeted  to  greater 
internal  friction  in  ite  fkhne  than  one  naturally  cireolar  in  aeetion,  and 
the  energy  wasted  will  be  therefore  greater. 

The  whole  question,  however,  is  very  much  open  to  discussion,  and  the 
present  Congress  may  oSbr  to  the  opposing  schools  an  opportunity  of 
coming  to  some  understanding. 

SetutaneB  .<^  (he  AirShidy  c/  Fornu  to  dimiMth  thU  Retidtmet, 

The  air  resistance  is  a  retarding  force  of  the  highest  importance^ 
especially  where  speed  is  concerned,  and  there  is  unfortunately  gieat 
uncertainty  both  as  to  the  formuliB  to  be  applied  tind  the  values  of  the 
coefficients  which  appear  in  them. 

The  best  known  formula  is 

B-KSV« 

in  which  B  equals  resistance  in  kilogrammes. 

S  equals  projected  area  in  square  metres  of  total  surface  of  vehicle  on 
a  plane  normal  to  direction  of  motion. 

y  equals  velocity  in  metres  per  second. 

K  a  numerical  coefficient  which  varies    between  very  wide   limits 
according  to  the  form  and  the  speed  of  the  vehicle. 

The  formula  by  M.  Desdouits,  R=sKV,  is  sometimes  preferred,  as  it 
is  more  correct  for  high  speeds. 

The  different  values  given  to  K  in  the  first  formula  may  be  due  to  the 
varied  conditions  under  which  the  experiments  were  made. 

Signer  Canovetti  had  made  some  experiments  at  Zossen  to  determine 
the  value  of  K.  He  had  a  copper  wire,  380  metres  long,  stretched 
betweeu  the  summit  of  the  fortifications  at  Brescia  and  a  point  in  the 
plain,  about  70  metres  below.  Along  this  wire  different  surfaces  were 
allowed  to  descend  freely.  A  circle  with  a  surface  of  '073  square  metres, 
moving  with  a  velocity  of  12  metres  per  second,  gave  a  resistance  of 
84  grammes.  The  same  circle,  having  a  spherical  cap  in  front,  offered  a 
resistance  of  only  21  grammes.  When  this  hemisphere  was  followed  by 
a  cone,  whose  height  was  ^ve  times  its  diameter,  the  resistance  fell  to 
13  grammes,  or  one-sixth  of  that  of  the  plane  circle.  With  this  same 
solid,  turned  the  other  way  about — that  is,  with  the  apex  of  the  cone 
towards  the  direction  of  motion — the  resistance  rose  to  18  grammes. 

Sign  or  Canovetti  has  recognised  that  a  rectangular  surface,  placed 
with  its  long  sides  horizontal,  offers  a  sensibly  greater  resistance  to  the 
air  than  when  its  short  sides  are  horizontal.  His  experiments  seem  to 
show  that  the  coefiicient  K  diminishes  somewhat  as  the  speed  increases, 
but  investigations  carried  out  at  Zossen  point  to  the  conclusion  that  the 
resistance  may  increase  tenfold  when  the  velocity  is  only  tripled.  It  is 
thus  clear  that  air  resistance  is  a  matter  of  no  small  importance  when 
speeds  up  to  60  or  80  miles  an  hour  are  attained.  At  85  kilometres 
(53  miles)  per  hour,  the  energy  required  to  overcome  the  air  resistance  on 
a  vehicle,  with  an  opposing  surface  of  1  square  metre  (1550  square 
inches),  may  be  7,  11,  or  20  horse-power,  according  to  the  coefiicient  K 
given  as  0*0288,  00648,  or  0116  by  MM.  Forestier,  Bourlet,  or 
Thibault. 
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The  question  then  arises,  What  is  the  best  shape  for  a  car?  The 
answer  depends  on  several  things — as,  for  example,  the  necessity  of  placing 
the  radiator  in  such  a  position  that  it  may  be  efficiently  cooled  by  the  air 
rushing  through  it.  Only  general  principles  may  be  laid  down.  The 
front  of  the  car  ought  to  taper,  and  the  back  be  more  pointed  still,  like 
the  form  of  a  fish:  transverse  rectangular  surfaces  that  cannot  be  dis- 
pensed with  should,  as  far  as  possible,  have  the  longer  sides  vertical ;  and 
it  is  well  to  have  doors  on  the  car  to  prevent  the  air  from  rushing  in 
between  the  dashboard  and  the  seat. 

These  conditions  are  quite  neglected  in  most  of  the  ^  present-day  cars. 
Particularly  is  this  the  case  in  the  "  Coffin  Head,"  that  unlovely  affair  so 
much  in  vogue — a  flat  surface  directly  opposed  to  the  air  pressure.  With 
a  radiator  of  the  honeycomb  type,  a  transverse  position  is  necessary  for 
cooling  purposes,  and  Signer  Canovetti  has  shown  evidence  that  a  per- 
forated surface  will  offer  loss  resistance  to  the  air  than  a  plane  one  of 
similar  area.  This  is  not  of  much  advantage  with  an  automobile,  as  the 
air,  after  having  passed  through  the  holes  in  the  radiator,  meets  with 
further  obstacles  in  the  mechanism  inside  the  hood. 

With  regard  to  the  working  parts  situated  under  the  car,  these  should 
be  made  by  the  aid  of  inclined  planes  to  cut  the  air  rather  than  oppose  it. 

M.  Lavergne  commends  the  suggestion  of  M.  Forestier  that  different- 
shaped  bodies  should  bo  mounted  on  an  electric  chassis,  and  the  total 
resistance  of  chassis  and  body  accurately  measured,  so  that  a  really  prac- 
tical model  could  be  designed. 

Tower  required  by  Automobiles, 

Under  this  heading  M.  Lavergne  has  shown  the  enormous  reduction 
of  weight  per  horse-power  that  has  taken  place  during  the  last  eight 
years.  In  1895,  Levassor  made  the  run  from  Paris  to  Bordeaux  in  a 
4  horse-power  car  weighing  about  1  ton,  or  1  horse-power  per  550  lb.  dead 
weight.  In  1896  this  weight  was  reduced  to  365  lb.  per  horse-power;  in 
1900  it  fell  to  90  lb.  per  horse-power.  In  the  recent  Paris-Madrid  race, 
M.  (xobron  Brillie  appeared  with  a  100  horse-power  car,  the  weight  of  which 
represented  only  22  lb.  per  horse-power.  This  weight  has  been  still 
further  reduced  in  the  case  of  motor  bicycles,  reaching  as  low  a  figure  as 
17-5  lb.  per  horse-power. 

But  there  is  not  a  corresponding  increase  in  speed.  In  1901 
M.  Foumier  made  over  53  miles  per  hour  with  a  28  horse-power  Mors; 
last  year  M.  de  Knyff  only  slightly  exceeded  58^  miles  per  hour  with  a 
70  horse-power  motor — that  is,  an  additional  40  horse-power. 

To  what  must  this  relatively  small  increase  of  speed  be  attributed? 
Air  resistance  is  responsible  for  some  increase,  but  certainly  not  all. 

An  extremely  powerful  motor  must  be  accompanied  by  a  comparatively 
heavy  load,  otherwise  the  wheels  do  not  **  bite  "  well  and  energy  is  wasted. 
It  is  well  known  that  the  modern  racing-car  skims  along  the  surface  of 
the  course,  without  sufficiently  close  contact  between  the  wheels  and  the 
ground ;  in  any  case  driving  wheels  should  be  more  heavily  weighted  and 
springs  made  less  elastic.  To  reduce  the  power  lost  in  vibration,  the 
engine  should  be  more  perfectly  balanced,  and,  if  necessary,  the  fly-wheel 
and  motor  itself  made  heavier.  "  Who  shall  say,"  M.  Lavergne  concludes, 
"  whether,  instead  of  building  very  powerful  yet  extremely  light  motors — 
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the  durability  of  which  ib  questionable — ^it  would  not  be  better  to  rosb 
content  with  a  vehicle  of  smaller  power,  and  use  it  more  eCFectively  ? " 

rV.  Negotiations  with  the  War  Office, 

At  a  committee  meeting  held  at  the  Society  of  Arts  on  May  15, 
1903,  it  was  proposed  that  as  the  expenses  of  this  research  were  extremely 
heavy,  it  would  be  advisable  to  approach  the  Mechanical  Transport 
Committee  of  the  War  Office,  in  order  to  see  if  they  would  conduct  the 
experiments  with  heavy  traction,  as  they  had  at  their  command  various 
powerful  motors  and  traction  engines,  together  with  the  necessary  variety 
of  wheels.  The  Transport  Committee  in  return  would  have  the  use  of 
the  British  Association  recording  instruments  for  their  own  experiments. 

This  British  Association  Committee  would  have  access  to  the  in- 
formation obtained  which  was  of  a^  scientific  character,  with  a  view  to 
publication,  but  it  would  not  concern  itself  with  data  relating  to  the 
actual  wagons  and  other  matters  of  a  purely  military  character. 

As  a  result  the  Transport  Committee  replied  favourably,  and  arrange- 
ments, it  is  hoped,  will  now  be  made  by  which  important  work  will  be 
carried  on  by  that  committee,  thereby  avoiding  the  very  heavy  expense 
to  meet  which  it  is  difficult  to  raise  funds  from  private  sources. 
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(The  numbers  in  parentheses  are  those  of  the  articles. ) 


Abrasion  test,  road-stone  (124),  108 ;  Mr. 
E.  J.  Loyegroye's  dir  and  wet,  103  ; 
Loye^ye's  machine  for,  103 ;  Deyal's 
machine,  104. 

Absorption  test,  road-stone  (124),  105. 

Abatments  and  piers  (99),  83  ;  thickness 
of  (100,  101),  84. 

Adamant  slabs,  concrete,  for  paying  foot- 
way (463),  425. 

Admmistration  dee  Fonts  et  Chaus^es, 
France,  road-stones,  comparatiye  nu- 
merioal  yalue  of  quality  (131),  123- 
124. 

Advantages  of  breaking  macadam  by 
machinery  (211),  197,  198;  of  steam 
road  rolling  (255),  236  ;  of  team  haulage 
(240),  224  ;  of  tar  macadam  (447),  411. 

Air,  resistance  of  (1),  29  ;  510. 

Akonia  (356),  329. 

Altered  conditions  of  trade  and  traffic, 
effect  on  race  of  macadam  hand-breakers, 
(209),  196. 

Amount  of  rolling  necessary  in  consoli- 
dating meUlling  (326),  291  ;  of  work 
performed  by  working  parts,  and  cost 
of  renewals,  Baxter's  stone-breakers 
(231),  218. 

Andesites  (122),  101  ;  petrology  of  (125), 
113-115 ;  quaUties  of  (126),  118,  119, 
120,  121. 

Annexe  for  storing  detonators  (202),  193. 

Appian  Way — Roman  roads,  3. 

Arbroath  pavement  for  footways  (459), 
421. 

Arched  culverts  (82),  76 ;  small  convexity 
(82),  75  ;  semicircular  (83),  75  ;  stones, 
depth  of  (85),  75 ;  bndges  (102),  84  ; 
depth  of  stone  (103),  84 ;  arches  of 
brick  (104),  85  ;  centering  of  (107,  109), 
86,  88. 

Archer's  stone-breaker  (217),  201. 

Arrangements  for  blasting,  final  (182), 
177  ;  of  stone-breaking  machines  (212), 
198. 


Asphalt  pavements,  sources  of  supply, 
contour  and  gradients,  foundations, 
natural  bituminous  rock,  Trinidad  as- 
phalt, binder  course,  wearing  surface, 
method  of  applying  and  finishing  (422- 
424),  392-397  ;  advanUgesof  (429),  399, 
(452),  413  ;  life  of  (431),  400,  401  ;  first 
cost  and  annual  cost  of  maintenance 
(431),  401  ;  pavements  for  footways 
(460),  422  ;  viagraph  tests  for  asphalt 
pavements  (479),  439,  442. 

Attrition  tests  of  rocks  (127),  119-122. 

Augite  (120),  97. 

Australian  and  other  hard  woods  for  paving 
carriagewi^s  (406),  373. 

Aveling  &  rorter's  15- ton  steam  rollers 
(254,  257).  233,  286-238. 

Axles  of  vehicles,  friction  of  (1),  28  ;  463, 
464,  467,  468,  471,  474,  486. 

Axle-weight  (20,  21,  22),  42,  43. 
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Bakrr  on  road  resistance,  486-492. 

Balancing  earthworks  (47),  57. 

Basalt  (122),  101 ;  petrology  of  (125),  116  ; 
quaIitiesof(126),  119,  121. 

Baxter's  stone-breakers  (222).  205 ;  16"x 
9"  combined  portable,  stone-breaking, 
automatic  screening  and  loading 
machine,  description  of  working  parts 
(222),  205-210 ;  lifting  and  lowering 
arrangement  for  top  screen  applied  to 
(223),  209-210 ;  elevator  belt  and 
buckets  (224),  210. 

Beche  (141),  131. 

BSton,  foundations  (380),  851. 

Binder  course  (425),  396. 

Binding  properties  of  road-stone  (117),  94, 
(124),  107  ;  material  in  connection  with 
steam-rolling  (263),  242 ;  best  results, 
obtained  by  using  small  quantities  of 
(263),  242 ;  binding  material  necessary 
during  rolling  (325),  290. 

Bituminous  concrete  (881),  352. 
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Bitnminons  oils  for  laying  dnst  (856),  828. 

Blake's  stone-breaker  introduced  into 
England  (215),  199 ;  original  stone- 
breaker,  description  of  (216),  200  ; 
Marsden  stone-breaker  (220,  204). 

Blasting  (164),  158  ;  agents,  gunpowder 
and  nigh  grade  (164),  158  ;  nitro  com- 
pound explosives  (164),  158  ;  effects  of 
(164),  159  ;  determining  the  charge,  with 
examples  (168),  161  ;  shot-holes  fired 
with  straw  and  safety  fuse  (171),  166  ; 
electrical  detonators  for  firing  the 
shot-holes  (172),  167  ;  and  their  compo- 
sition (172),  169  ;  how  detonators  are 
inserted  in  primers  and  placed  in  bore- 
holes (173),  169 ;  several  detonators 
sometimes  used  in  firing  one  charge 
(174),  169 ;  tamping  tne  shot-holes 
(175),  169  ;  damage  to  wires  (175),  170  ; 
form  of  tamping-rod  sometimes  used 
(175),  170,  171 ;  nature  of  an  explosion 
of  nitro-compounds  (176),  171  ;  con- 
necting the  shot-hole  wires  (177),  172  ; 
circuits,  different  methods  of  connecting 
up,  series,  parallel,  and  series  and 
parallel  (178),  172,  173  ;  connecting  to 
cables  and  blasting  machine  (179),  174  ; 
exploder  or  blasting  machines,  Siemens, 
Rackbar  (Smith's),  Crescent,  patent 
dynamo,  Victor,  Pull-up  (180, 181),  176, 
177  ;  final  arrangements  for  (182),  177  ; 
yolley-firers  (Smith  &  Co.)  (183),  178  ; 
misfires  (184),  179  ;  reconling  charging 
operations  (185),  179 ;  cost  of  working 
rock  drills  (187),  181,  182  ;  of  explosives 
(188),  182;  and  of  detonators  (190), 
183. 

Bom  ford's  scarifier  (Eddison  &  De  Mattos) 
(283),  257. 

Bore-liolcs,  starting  (139),  129;  position 
of  (158),  147  ;  conditions  to  he  observed, 

148  ;   vertical,  inclined  and  horizontal, 

149  ;   size  and  depth  (162),  153  ;  pump 
(sand),  154. 

Boring  the  shot-holes  (162),  152. 

Boulder  or  cobblestone  pavements  (366, 
371),  342,  345. 

Boulton's  flexible  wheel  for  traction  or 
road-engines  (18),  40. 

Breaking  stone  (205-235),  194-222. 

Breast  walls  (76),  72. 

Brick  pavements,  tried  in  Liverpool  and 
London,  characteristics,  prei>aration, 
tests,  absorption  and  abrasion,  size  of 
bricks,  foundations,  laying,  specification 
for  brick  paving  in  Indianajmlis,  U.S.A., 
advantages  and  defects  of,  life  and  cost 
of  (432-442),  402-407. 

Bricks  or  tiles  for  paving  footways  (465), 
427,  428. 

Bridge  detonator  (172),  168. 

Bridges  (88),  77;  materials  used  in  build- 
ing (89),  78 ;  selecting  site  for  (90), 
78  ;  waterway  of  rivers  (91),  78  ;  timber 


(11 0),  88  ;  iron  and  steel  saperstmctORS, 
cast  iron  beams  and  jack-arching,  steel 
trough  decking  (111),  90,  91. 

Brill  (141),  131. 

British  roads,  early,  7,  8,  9,  10. 

Broadbent*s  stone-breaker  (221),  204. 

Burrell  and  Rutty's  road-breaking  machine 
(280),  256. 


Caithness  flags,  for  paring  footwiys 
(459),  421. 

Calcium  chloride  for  laying  dost  (355),  328. 

Canovetti  on  air*  resistance,  510,  511. 

Carriageways,  early,  materials  now  used 
for,  when  more  suitable  material  than 
macadam  should  be  used,  selection  of 
suitable  material  for  (366-368),  S42, 
848  ;  essentials  which  good  payementi 
should  possess  (S69),  843  ;  traction  on 
different  kinds  of  material  (870),  844 ; 
boulder  or  cobblestone  pavement  (871), 
845  ;   cubed  granite  or  setts  for  (872), 

845,  346;    'Euston'  pavement  (873), 

846,  847  ;  width  of  carriageways  (874X 

847  ;   congestion  of  street  traffic  (374), 

347  ;  gradients  and  contoar  (875),  847, 

848  ;  contour  adopted  in  Liverpool  (875), 
848;  difficulties  in  obtaining  nnifonn 
gradients  under  certain  conditions  (876), 

348  ;  formation  of  (877).  849  ;  founda- 
tions and  preparation  of  Portland 
cement  concrete  (378,  379),  350,  851 ; 
beton  (380),  351,  352  ;  bituminous  con- 
crete (381),  352  ;  hand  set  rubble  (382), 
353  ;  macadam,  gravel  and  cinders  (383), 
353  ;  pitched  pavements,  size  of  stones 
used  (384),  354  ;  jointing  (385),  355- 
357  ;  cement  grout  (386),  357  ;  joints 
made  with  sand  (387),  357 ;  advan- 
tages and  objections  to  pitched  pave- 
ments (388,  389),  857,  358  ;  quahty  of 
setts,  and  sources  of  supply  (390),  359 ; 
setts  supplied  from  the  continent  (891), 
359  ;  cost  of  pitched  pavements,  founda- 
tions (392),  359,  360  ;  of  paving  setts 
per  ton,  in  different  towns,  and  cost  of 
joint  filling  (394),  360  ;  annual  mainten- 
ance (395),  361,  362;  annual  cost  of 
cleansing  (397),  363  ;  life  and  annual 
cost  of  granite  sett  pavements  in  London 
and  provincial  towns  (398),  363-366; 
small  sett -paving  (399),  366,  367; 
special  features  and  cost  (400),  367  ; 
advantages  (401-403),  367-869  ;  wood 
pavement,  first  laid  in  London  (404), 
370  ;  woods  used  for  (405),  370,  371 ; 
methods  of  preserving,  871  ;  cost  and 
estimate  of  wear,  872-873  ;  hardwoods 
(406),  373-375  ;  characteristics  of  wood- 
pavements  (408),  375 ;  gradients  (409), 
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875-376 ;  contour  of  wood  pavement 
(411).  876 ;  method  of  constructing 
founastions,  fixing  levels,  lath-templates 
(411),  876-879 ;  method  of  laying  haid- 
woods  (412),  879, 880;  of  bonding  (418), 
880;  of  fonning  the  joints  (414),  881 ; 
wear  of  wood  paving  (415-418),  888-387; 
asphalt  rock  pavements,  introduced  into 
London,  and  sources  of  supply  (422), 
892 ;  Trinidad  asphalt,  mucii  used  in 
Canada  and  U.S.A.  (422),  892 ;  charac- 
teristios  of  rock  and  Trinidad  asphalts 
laid  as  compressed  pavements  (422), 
892  ;  rock  asphalt  and  Trinidad  asphalt 
used  in  compressed  form  for  carriage- 
ways (422),  894  ;  conditions  as  to  laying 
(428),  894 ;  spreading  the  asphalt  powder 
(424),  894 ;  Trinidad  asphalt,  also  used 
on  old  carriageway  foundations,  manu- 
&oture,  ingrraients,  composition  (425), 
896,  896  ;  Trinidad,  thickness  to  which 
laid  (425),  896;  binder  course  (425), 
896 ;  wearing  surface,  method  of  apply- 
ing and  finishing  surface  and  number  of 
square  yards  which  one  cubic  yard  will 
eoTsr  at  varying  thicknesses  (425),  897  ; 
mode  of  using  asphalt  on  Victoria  Em- 
bankment (426),  897 ;  contour  and 
gradients  (427),  898  ;  foundations  (427), 
898 ;  different  combinations  used  (428), 
898 ;  lithofalt,  carbolithic  asphalt  (428), 
899 ;  suited  for  carriageway  pavements 
(429),  899 ;  repairs  (480),  400 ;  actual 
life  of  (481),  400,  401 ;  cost  of  asphalt 
pavement  (481),  401 ;  brick  pavements 
(482),  402;  *Tees  scorie'  bricks  in 
Liverpool  (482),  402;  characteristics 
which  bricks  should  possess  (438),  402  ; 
methods  of  preparing  the  clay  (484), 
408 ;  absorption  test  (435),  404  ;  abra- 
sion test  (486),  404  ;  crushing  test  (487), 
404  ;  size  of  bricks  (488),  404  ;  founda- 
tions (489),  405 ;  laying  (489),  405 ; 
grouting  the  joints  (439),  405;  advan- 
tages and  defects  of  (440),  405  ;  life  of 
(441),  406 ;  cost  of  in  U.S.  A.,  and  prob- 
able cost  in  this  country  (442),  407 ;  tar 
macadam  (448-448),  408-411;  seasoning 
or  refining  the  tar  (443),  408  ;  materials 
oomposing  aggregate  (444),  408;  methods 
of  arying  the  stones  and  mixing  the 
matrix  (445),  409 ;  quantity  of  tar 
cement  used  depending  on  the  nature 
of  the  stones  composing  the  bulk,  pro- 
portions suitable  (446),  410  ;  method  of 
laying  and  durability  (446),  410 ;  cost 
of  laving,  details  (448),  411 ;  pavements, 
eonclosions  as  to,  traffic  and  sanitary 
conditions,  durability,  asphalt  an  ideal 
pavement,  comparative  safety  or  8lipi)eri- 
ness  on  different  pavements,  obscr^'a- 
tions  by  Q.  W.  Haywood,  street  traffic 
records  in  different  parts  of  London, 
form  of  record  table  for  street  traffic 


(449-466).    412-419;    sanitary   block 
pavement  (481),  441. 

(?ast  -  iron  beams  and  jack-arching  for 
bridges  (111),  90  ;  cast  iron  kerbs  (470), 
480. 

Cement  concrete  kerbs  (468),  429. 

Cement  grout  (886),  857. 

Cementation  test  for  road-stones  (124),  107. 

Centering  for  culverts  and  bridges  (107), 
86 ;  wedges  and  striking  blocks  for 
(108),  87. 

Centre  line  of  new  roads,  staking  out  (88), 
49. 

Centres  for  arches  of  bridge  over  river 
Don  and  London  Bridge  (109),  88. 

Channels  (471),  480;  gradients  (471), 
431 ;  raised  at  crossings  and  inter- 
sections of  streets  (471),  431. 

Charging  the  shot-holes  (171),  166 ;  re- 
cording the  operations  (185),  179. 

Chari^-Marsaines  on  road  resistance,  477, 
478. 

Churn-drilling  (140),  180. 

Circuits,  different  methods  of  connecting 
up  (178),  172. 

Claying  the  bore-hole  (142),  181. 

Cleaning  out  bore-holes  (140),  131. 

Clinker,  slabs  made  from  (464),  426. 

Close  fences  and  snowstorms  (115),  98. 

Coffer-dams  (97),  81. 

Collision,  wheels  of  vehicles  on  road  sur- 
faces (1 ),  28. 

Comparative  trials  of  rock  drills  (157),  146. 

Comparison  of  cost  of  the  two  methods  of 
quarrying  (198),  188. 

Composition  of  high-grade  explosives  (164), 
158  ;  a  road  crust  (318),  282 ;  Codring- 
ton*s  experiments  (318),  282. 

Compressed  asphalt  (422).  898. 

Conclusions  as  to  the  use  of  different 
descriptions  of  pavements  of  carriage- 
ways (449-456),  413-419. 

Concrete  |>aving  for  footways,  Stuart's 
granolithic,  Victoria  stone,  adamant 
stone,  granite  concrete  and  concrete 
slabs  (462-464),  423-427. 

Condition  of  roads  in  the  north  of  England 
in  1770,  10. 

Conditions  and  peculiarities  of  high-grade 
explosives  (166),  159. 

Congestion  of  traffic  in  thoroughfares  (374), 
847. 

Conical  wheels  (11),  35. 

Connecting  the  shot-hole  wires,  blasting 
(177),  172 ;  to  cables  and  terminals  of 
blasting  machines  (179),  174. 

Considerations  to  be  observed  as  to 
hauling  metalling  (245),  228. 

Consolidation  of  embankments  (65),  59. 

Construction  of  new  and  the  maintenance 
of  existing  roads  (295-850),  265-825; 
of  roads,  Telford*s  system,  Macadam's 
system,  advantages  and  defects  of 
l)oth,  effect  of  subsoils   and  methods 


5'S 


itdniited  Bt  the  preaetit  tiran,  viijth  of 
ruoJs,  coiitoaranil  minimum  gisdienlB, 
details  of  couBtniatioD,  ooct  of  ruUiog 
bottoming  (295-300),  S65-274. 

Corialtoon  rood  nsisbmce,  Mi,  402. 

Caniia  on  road  resistance,  463,  i92. 

Cost  of  etml  trouBh  decking  ind  brick 
aK}ie»  oompsTsd  (113),  92;  of  haod- 
boKng  (144),  133;  of  working  rock 
dHIU  (167.  ISS),  181,  182;  eiplosires 
{188),  IBS;  eluetriial  detonitore  (ISO), 
I  S3 ;  quarrying  by  nuDUHl  Ubour 
(191-107).  183,  laa  ;  of  the  two  mothods 
compared  (198),  1S8  ;  macliine  drilling 
plant  (109),  180;  of  hand-breaking 
macadam  (2D3),  ISS  ;  BuuiilTing  metal- 
ling per  ton,  by  mannal  labour  (209), 
106;  ofbreakingmftcadambymaohinBry 
(229),  2ie-21«;  of  haulage,  method  of 
arriving  al  (237),  223  ;  of  tar-macadam - 
iiine  (237,  147),  813,  3!».  4U  ;  of  team 
haoUge  (230],  223 ;  eteam  road  rolling 
(2S1),  210;  repaini  (266),  346;  steam- 
rollers and  occeeaaries  (267),  218  ;  work- 
ing Butt  j'a  scarifier  (200),  261  ;  working 
Morrison's  scarifier  (292),  263  ;  scarify- 
ing hy  hand  and  machine  compared 
(394),  2ai ;  road  mftinteuance  (309), 
277;  probable  method  of  arrivingat  the, 
of  repairing  roada  (33S),  S9S  ;  of  light 
repair*  on  roada  (333),  39S;  water 
sprinkling  roada  (8.^5),  828;  treating 
with  oils  (356),  328-333 ;  of  tarring 
roads  (3G7-SS2),  33&-339  ;  of  asphalt 
pavements  (430),  400 ;  of  paving 
materia1s(4E6),  419  ;  of  paving  for  fcjot- 
wsyfl(4ai),  427, 

Counterforts  (74),  71. 

Conntcy  districts,  footpaths  situated  on 
(486),  428. 

Connty  Conocila,  authority  to  make  by- 
laws as  to  width  of  tyre  and  weights 
carried  hy  vehicles  (13),  36. 

Crescent  blasting  machine  (181),  17fi. 

CroBS-SGCtion  of  English  road  about  1809, 
10;  for  new  roads  (36),  47  ;  mitre  drains 
(67),  65. 

Crosta's  surface  water  gully  (172),  431, 
433. 

Cmahing  t*st,  road-stone  (124),  106. 

Culverts  (77),  72;  waterway  of  (77),  72; 
materiala  used  in  building,  stone,  salt- 
glazed  pipes,  pipes  and  concrete,  and 
iron  pipes  (78-81),  73-75;  arohed  (82- 
88),  7C-77  ;  varioua  forms  (88),  76-77 ; 
catchpitson  upper  side  of  (87),  77. 

Curved  versia  straight  roads  (43),  66. 

Curves,  vertical,  in  laying  out  roads  (38),  49. 

Cnttings,  rock  (51),  S8  ;  drains  in  (67),  64. 

Cylinder  and  caisson  foundations  (981,  82. 

Cylindrical  inch,  as  applied  to  calcatatJng 
the  drillinK  of  bore-holes  (148),  132  ; 
inches  bored  in  one  hour  by  mechanical 
",1b  (163),  166. 


DAKQEKOiia  places,  protecting  (114),  92. 

Depth  of  arch  sloues  (103),  84. 

Determining  the  charge  in  Uaatiog  mcfc 
(168),  161. 

DetonatoiB  for  safety  fuse  (171),  167; 
electrical :  slot,  bridge  and  incandwcvnt 
(172),  167-169;  ooroj-osition  of  (17ff), 
160 :  how  placed  in  primera  and  shot- 
boles  (173),  169  ;  several  used,  at  timos, 
in  one  charge  (174),  169  ;  electrical,  coat 
of  (100),  183  i  aonete  for  storing  (202), 
103. 

Diabase  (132),  101 ;  petrology  of  (126L 
113;  qualities  of  (127),  120. 

Diallage  (120),  B". 

DilTereot  eiplosives  in  relation  to  wot  !• 
holw(]6B).  160. 

Dimension  stones,  quaiiying  foT(lfll],  ISl. '] 

Diorita  (122),  100.  f 

Diplock,   suggestions  on   toad  resistanoa,   ' 
501-606.  ' 

Direction   boards   and   milestones    (340),    i 
323, 

Diibed,  or  slightly  conical,  form  of  wfaaol' 
(11),  86. 

Distribution  of  diSereot  sizes  o 
(213),  198, 

Ditches,  side,  fonned  befom  o> 
earthworlcH  (64),  63. 

Dolerite  (122),  102;  petroloRy  of  (13S},  1 
115-117  ;  qualities  of  (126),  US,  131. 

Oowelling  wood  blocks  (413),  880. 

Drag  twist  (140).  131. 

Drain  pipes,  partially  surrounded  with 
clay  (GS),  63  ;  in  cuttings  (87),  64. 

Drainage  of  slopes  (60),  62 ;  of  embank- 
ments (66),  64  ;  of  subsoU  (66),  64  ;  of 
quarries  (1S6),  127. 

Drilling-tools  broken  in  bore-hole,  remov- 
ingof  (141),  131 ;  machinea,  hand  power 
(145),  134 ;  different  types  (148),  134  ; 
ra]nirementB  of  (Andre)  (146),  135; 
'lugorsoU  -  Seigeant'  (150),  136; 
'Hirnanf  (151),  140;  cost  of  working 
(186,  187),  181, 182;  cost  of  plant(l&0), 
180. 

Drill-bits,  marhioe  (154),  144  ;  winga  for, 
in  aearoy  rock  (154),  146;  tempering 
(155),  145. 

Drop  teat  for  road-stones  (131),  104. 

Dupuit  on  road  resistance  471  -  474, 
492. 

Durability  of  road-stones  (117).  05. 

Dual,  prevention  of  (351-365),  325-311 ; 
causes  of  (361),  325,  328  ;  water  sprink- 
ling (355),  827  ;  sprinkling  with  oils, 
etc.  (356),  328-333  ;  by  Urring  (357- 
365),  333-341. 

Dustroyd  (366),  329. 

Dynamite  (166,  166),  150,  ISO;  nature  of 
explosion  of  (176),  171 ;  oort  of  (188), 
182. 
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Dynunometer  applied  to  horae-traotioD  (5), 
81 ;  description  of,  493-495 ;  experi- 
ments with,  495-504. 


E 


E4ITH WORKS,  equalizing  (47),  67  ;  slopes 
of  (50),  58  ;  cubical  contents  (60),  62. 

Economy  in  the  maintenance  of  roads 
secured  by  using  the  best  materials  pro- 
ounble  (385),  306. 

Eddison  A  De  Mattos'  scarifier  (Bom- 
fold's)  (283),  257. 

Edgeworth,  essay  on  the  construction  of 
roads  and  carriages  by,  14 ;  on  road 
resistanoe,  464,  492. 

Effect  of  an  undrained  subsoil  on  a  road 
oovering  (66),  64 ;  the  introduction  of 
nilways  on  the  turnpike  system,  26 ; 
of  springs  on  vehicles  (20),  41. 

Embankments (54),  59  ;  consolidating  (55), 
59  ;  on  sidelong  ^und  (56),  59  ;  and 
the  retaining  walls  required  (57),  60 ; 
drainage  of  (65),  64,  66 ;  formed  over 
bridges  and  culverts  (106),  86. 

Engine  shed  (345),  319-322. 

Epuiiorite,  qualities  of  (127),  120. 

Equalizing  earthworks  (47),  57. 

Estimates  and  expenditure,  annual,  of  road 
repairs  (350),  323. 

Euston  pavement  (373),  846. 

Examples  of  quarrying,  taken  from  actual 
practice  (159),  150  ;  of  charging  and 
bUstinff  (168-170),  161-168  ;  of  arrang- 
ing rolling  operations  (323),  287. 

Excelsior  stone-breaker  (Hope's)  (218), 
201-202. 

Excessive  weight  on  wheels  (19),  40. 

Expansion  and  contraction  of  wood  pave- 
ments (419),  388. 

Experiments  by  Morin,  results  of  resist- 
ance of  traction  of  vehicles  (3),  30 ;  by 
Sir  J.  Macneill  on  the  tractive  forces 
required  on  macadamized  and  other 
descriptions  of  roads  (4),  30;  carried 
out  with  horse  dynamometer  (5),  31. 

Exploder  machines  (180,  181),  174-178. 

Explosion,  nature  of,  of  nitro-compounds 
(176),  171. 

Explosives,  different,  in  relation  to  wet 
bore-holes  (165),  159 ;  conditions  and 
particulars  of  hi^h -grade  (166),  159  ; 
storing  of  (187,  200),  182,  189. 

Explosives  store,  description  of  (201), 
190 ;  construction  of  (201),  190-192 ; 
cost  of  erection  (203),  198. 

Extended  powers  of  County  Oouncils  con- 
ferred by  the  '  Local  Government  Acts/ 
27. 

Extent  of  ground  required,  and  half- widths 
in  constructiDg  new  roads  (59),  62. 

External  forces  affecting  the  motion  of 
vehicles  (1),  28. 
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FSLSITB,  petrology  of  (125),  112 ;  qualities 
of  (126),  118;  (127),  120. 

Felspar  (120),  97  ;  alteration  of  (121),  98. 

Fireclay  brick  kerbs  (469),  429. 

Firing  or  blasting  machines  (180,  181), 
175-177. 

Flints  (122),  102  ;  qualities  of  (127),  121. 

Footpaths,  country  (348),  323. 

Footways  (447),  420  ;  width  and  cross  fall 
of  (457),  420  ;  qualities  which  paving 
materials  should  ]>osse8s,  and  different 
descriptions  of  material  used  (458),  420  ; 
good  foundation  indispensable  (458), 
421  ;  natural  stones  used  for  paving, 
Caithness  flags  considered  best  (459), 
421  ;  Yorkshire  flags  (459),  421  ; 
Arbroath  pavement  (459),  421  ;  laying 
natural  stones,  and  life  service  of  the 
above  paving  materials  (459),  422 ; 
asphaltic  pavements  (460),  422 ;  tar 
concrete  pavement  (461),  422,  423  ;  con- 
crete paving  (462),  423  ;  Stuart's  grano- 
lithic in  sUu  pavement  (462),  423 ; 
objections  to  (462),  424  ;  concrete  slabs, 
(463),  424  ;  adamant  slabs  (463),  425  ; 
slabs  made  from  clinkers  (464),  426  ; 
bricks  or  tiles  (465),  427  ;  used  in  U.S.  A. 
(465),  428  ;  sanitary  tiles  (465),  428  ;  in 
country  districts  (466),  428. 

Formation  of  carriageways  (377),  349. 

Foundations,  nature  of  material  of  (92), 
79  ;  safe  load  on  (93),  79  ;  timber  plat- 
form (94),  80  ;  piling  (95),  80 ;  pUes, 
safe  I(Mkd  on  (95),  80 ;  cylinder  and  cais- 
son (98),  82  ;  for  carriageway  pavements 
(878),  349-350. 

Fowler's  scarifier  (Evershed's patent)  (277), 
254  ;  (Fowler  and  Benstead)  (281),  257. 

French  roads,  early,  5 ;  subsequent  to 
1775,  6. 

Frost  and  thaw  alternating,  effects  of  (341), 
317. 

Frozen  explosives,  warming  pans  for  thaw- 
ing (166),  160  ;  effective  means  of  thaw- 
ing (167),  160. 

Fuses,  safety  (171),  167. 


Gabbro  (122),  100 ;   petrology  of  (125), 

110,  111  ;  qualities  of  (127),  120. 
Gates's  stone-crusher  (235),  220-222. 
Gelatine,  composition  of  blasting,  and  of 

dpamite  (164),  158. 
Gelignite,  composition  (164),  158. 
General  deductions  on    quarrying  (186), 

180. 
G^logical  survey  maps  of  Great  Britain 

(119),  96. 
Geology  in  relation  to  road  materials  (116), 

94. 


5i8 


INDEX. 


Glasgow  and  Carlisle  road,  19. 

Gneiss,  qualities  of  (127),  120. 

Grade-line  in  hilly  districts  (36),  48. 

Gradients,  macadamized  roads  (7),  31 ; 
effects  of,  on  loads  which  horses  can 
draw,  34 ;  advantage  of  easy  gradients 
in  hilly  districts  (44),  55  ;  observations 
on,  by  Prof.  Mahan,  Sir  J.  Macneill, 
M.  Dumas,  and  Telford  (9),  33,  34; 
gradient  and  tangent  pegs  (61),  62  ; 
minimum  (304),  271  ;  and  contour  of 
pitched  (375),  347;  wood  (409),  375;  and 
asphalt  pavements  (4 27),  398. 

Granite  (122),  99  ;  petrology  of  (125),  110  ; 
qualities  of  (127),  120 ;  syenite  and 
whinstone  kerbs  (467),  428. 

Granite  setts  (450),  412. 

Granophyre,  petrology  of  (125),  112 ; 
qualities  of  (127),  120. 

Gravel  (122),  102. 

Gravity  (1),  29. 

Greywacke,  qualities  of  (127),  121. 

Gullies  or  sand  traps  (69),  66 ;  essential 
points  of,  Sykee'  stoneware  and  iron, 
Crosta's  surface  water,  and  other  descrip- 
tions (472),  431-433. 

Gunpowder  as  a  blasting  agent,  composi- 
tion of  (164),  158. 
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Hahnite  (350),  330. 

Half-widths,  and  extent  of  ground  re- 
quired in  making  new  roads  (59),  62. 

Hall's  stone-bre-aker  (221),  204. 

Hammers  and  sledges  (188),  1*29. 

Hand  and  machine  scarifying  compared 
(294),  264  ;  scraping,  amount  and  cost 
of  work,  repairs  (:342),  317,  318. 

Hand-boring,  amount  of  work  accomplished 
(143),  131  ;  average  amount  of  work 
performed  on  diUercnt  descriptions  of 
rock  (143),  132;  cost  of  (144),  133. 

Hand-drilling  or  boring  (137),  128. 

Hand-drills  or  jumpers  (137),  128. 

Hand-picking  or  manual  labour  (macadam) 
(288),  260  ;  cost  of  (289),  260. 

Hand-power  drilling  machines  (145),  134. 

Hardness,  road-stones  (117),  95. 

Hardwoods  used  for  paving  (406),  373-375. 

Haulage  (236),  222  ;  method  of  arriving  at 
cost,  tip-carts  only  should  be  employed 
(237),  222  ;  number  of  horses  and  carts 
required  (238),  223  ;  team,  cost  and  ad- 
vantages of  (231),  240),  223,  224  ;  record- 
ing weight  of  macadam  broken  for  fixing 
cost  of  (241),  224  ;  by  steam,  and  cost 
of  (242,  243),  225-227  ;  cost  of,  by  con- 
tract (244),  226  ;  considerations  to  be 
observed  (245),  228  ;  wagons  with  folding 
doors  and  hoppers  (246),  229  ;  system 
adopted  in  the  U.S.A.  (247),  230  ;   how 


arranged    in   connection   with    rolliog 

operations  (324),  290. 
Heavy  Motor  Car  Order,  1904  (20,  21, 22), 

41-43. 
Heclon  stone-crusher  (234),  220. 
Hele-Shaw  on  road  resist^ce,  486. 
Henderson's   machine    for     breaking  up 

macadam  (276),  253. 
Highland  roads,  Telford's  specification  for, 

15. 
Hiring  steam  road-rollers  (265),  245, 
Hirnant  rock  drill,  details  of  constmetioD 

(151),  140. 
Hope's  stone-breaker  (218),  201,  202. 
Hornblende  (120),  98. 
Horse  scraping   and    sweeping  •  machines 

(340),  316  ;  amount  and  cost  of  woik 

done  (342),  817  ;  also  by  hand  machines^ 

first  cost  of,  and  repairs  (343),  818. 
Hosack's  scarifier  (284),  258. 
Hypabyssal  rocks  (122),  100,  101. 


Impact  test  for  road-stones  (124),  104. 
Improvement  of  existing  lines  of  oommoni- 

cation  (41),  53. 
Improving   gradients   on   existing  roads 

(42),  54. 
Incandescent  detonator  (172),  168. 
Ingersoll-Sergeant  rock  drill,  and  details 

of  construction  (159),  136-140. 
Insulating  wires    and    detonators    (180), 

175. 
Intermediate  towns,   in   laying  out    new 

roads  (39),  49. 
Iron,  cast  and  wrought,  for  kerbs  (470), 

430. 
Iron  and  screw  piles  (96),  81. 
Iron  and  steel  superstructures  for  bridges 

(111),  90. 


Jack- ARCHING,  in  connection  with  cast 
iron  beams  for  bridges  (111),  90. 

Jackson's  scarifier  (274),  252. 

Jarruh  wood  (405,  406),  373-375. 

Jaws  of  stone -breaking  machines,  arrange- 
ment for  lifting  and  replacing  (227), 
214. 

Jeantaud,  experiments  on  road  resistance, 
507,  508. 

Joints,  Tilling  for,  in  pitched  pavements, 
bituminous  grout,  cement  grout,  and 
sand  (385-387),  355,  357. 

Jumpers  (137),  128;  broken  in  bore-hole, 
how  recovered  (141),  131. 
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KutBS  (467),  428  ;  various  materials  used 
(467X  428  ;  stone,  granite,  etc.  (467), 
429  ;  cement  concrete  (468),  429 ;  fire- 
clay brick  (469),  429  ;  cast  and  wrought 
iion  (470),  430. 


Landslips  (58),  59. 

Larergne  on  road  resistance,  506-512  ;  on 
the  ratio  of  weight  to  power  in  motor 
oars,  511. 

Laying  out  new  roads  (24),  44  ;  general 
principles  to  be  observed  in  the  field 
(27)«  45  ;  example  taken  from  actual 
practice  (40),  51. 

Ltthy  on  road  resistance,  474-477,  498. 

Lttpalation,  road,  1700  to  1770,  9. 

Lite  of  wood  pavements  (405),  378  ;  in 
Sydney,  N.S.W.  (406),  874;  hard  and 
soft  woods  (426),  897  ;  of  hard  woods, 
ooet  per  annum,  and  relative  matters 
(415,  418),  888-386 ;  of  asphalt  pave- 
ments (480),  400  ;  of  paving  (459),  422. 

Limestone,  carboniferous  and  mountain 
(122),  102  ;  Qualities  of  (127),  121 ;  and 
for  tar-macadamizing  (837),  808. 

Liverpool,  brick  pavement  in  (432),  402 ; 
life  service  of  pitched  pavements  in, 
traffic,  tonnage,  and  annual  cost  of 
maintenance,  systematic  record  kept 
(456),  417  ;  gully  pit  adopted  in  (472), 
488. 

Local  Government  Board  regulations  for 
heavy  motor  cars  (20,  21,  22),  41-43. 

London,  proposed  trunk  road  from  (46), 
56 ;  number  of  steam  rollers  employed 
in,  and  area  of  macadamized  roads  (267), 
247 ;  cobblestone  pavements  of  (872), 
846  ;  traffic  in  (456),  416-418. 

Longitudinal  section  of  new  roads  (85), 
47. 

Low-lying  or  marshy  ground,  forming 
roads  over,  piling,  fascines,  hurdles  (58), 
60. 
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Macadam,  J.  L.  11  ;  system  of  making 
roads,  12 ;  and  Carse  of  Guwrie  turn- 
pike roads,  13  ;  engaged  in  England, 
13  ;  general  manager  of  the  Metr(»po- 
litan  roads,  13 ;  remarks  on,  by  JVest- 
minster  Revmo^  1825,  14  ;-  ofiinion  as 
to  width  of  tyres  of  vehicles  (19),  41. 

Macadam  scarifiers,  description  and  cost 
of  working  (268-294),  248-264. 

Macadam's  system  of  road  construction 
(298),  267 ;  Telford's  methods  of  road 


construction,  advantages  and  defects  of 
(299),  267. 

Macadamized  roadways,  viagraph  tests  of 
(483),  442-446. 

Machine  and  hand  scarifying  compared 
(294),  264  ;  for  paring  or  dressing  the 
edges  of  roads,  cost  of  work  (844), 
319. 

Macneill,  Sir  J.,  evidence,  before  Com- 
mittee on  steam  carriages,  as  to  width 
of  tyres  and  weights  carried  by  vehicles, 
1831  (12,  19),  86,  41 ;  experiments  on 
tractive  force  required  (4),  30  ;  observa- 
tions on  the  wear  of  roaids  (307),  275. 

Maintenance  of  macadamized  roads,  cost 
of,  methods  adopted  (307-311),  274-278. 

Man6s  on  road  resistance,  463,  492. 

Maps  or  plans  of  a  country  (38),  47. 

Marsden^s  stone-breaker  (219-220),  208, 
204  ;  screening  and  loading  arrangement 
(233),  219. 

Marshall's  scarifier  (282),  257. 

Marshy  ground,  forming  roads  over,  pil- 
ing, fascines,  hurdles  (58),  60. 

Mason's  stone-breaker  (221),  204. 

Materials  used  in  building  bridges  (89), 
78  ;  for  road  making  (116-182),  94-126. 

Mauni,  experiments  on  tyres  by,  509. 

Mechanical  details  of  stone-breakers  (215), 
199. 

Metalling,  or  macadam,  cost  of  supplying 
l)er  ton,  by  hand  labour  (209),  196  ; 
effect  of  altered  conditions  of  trade  and 
traffic  (209),  196  ;  different  sizes  of, 
system  of  distribution  (213),  198 ; 
amount  broken  and  cost  by  machinery, 
(229),  215  ;  requirements  of  different 
districts  and  capabilities  of  stone-break- 
ing machines  (230),  218 ;  storing  of 
(232),  219 ;  cost  of  storin^'in  quarry  (244), 
228  ;  cheaper  to  employ  extra  engines 
(243),  226  ;  quantity  applied  per  annum, 
quality  a  factor  (308),  276,  277  ;  area 
which  a  cubic  yard  will  spread  and 
time  of  year  applied  (313,  314),  278- 
280 ;  coats  of,  containing  an  abnormal 
amount  of  detritus  or  soft  material  (318), 
283 ;  continuous  coatings  of,  rolling 
(322),  2S5  ;  method  of  arranging  (323), 
287  ;  spreading  the,  in  connection  with 
rolling  operations  (824),  290 ;  hand 
broken,  rolling  of  (327),  292  ;  scarifying 
and  screening  the  old  (329),  293  ;  thick- 
ness applied  when  consolidated  by  rolling 
(831),  294. 

Metamorphic  rocks  (122),  102. 

Metcalf,  J.,  11. 

Method  of  selecting  final  route  for  new 
roads  (28),  45  ;  of  repairing  roads  (312), 
278  ;  applying  scarifying  machine  (315), 
280  ;  arriving  at  the  cost  of  repairing 
roads  (332),  295. 

Mica  (120),  97. 

Mica-schist  (122),  102. 
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HloluUn  on  KMd  rMttUuot,  47S-48t,  4M. 
HioioNopigal  azKmiiutlon  of  rokd  atonw 

(124,  12S),  108-lir. 
HflMga  of  mida  wfaloh  eao  b«  nndsrtaksn 

HUertMm  juid  dinotion  botvdi  (MS),  SSI. 

Mlniunim  gndienbi  and  oontonr  of  n«d« 
(804),  271. 

HUflTM,  Uuiiiig(184),  170. 

If  itr«  or  eroM  dnint  (67),  SB. 

Horin's  axptriiiiBDti,  molts  of  (3),  80 ; 
experimBnte  M  to  width  of  ^rras  of 
wbaab  uid  weigfate  euri«d  by  Tehioln 
(14),  37  i  in  road  naiitanea,  466-171, 
4S!1. 

Hoirlaon'a  MuiGer  (ATsling  A  Portar), 
doariplioii  of  (378),  itU ;  amonnt  of 
work  doQflb;  (191),  2S1;  oott  of  work- 
ing (292),  S6S  ;  qm  of,  eztanding  (20!), 

set. 

Motion  of  TohielM,  extenul  fonm  affsct- 

ingliM(I),28. 
HutRs  powar  for  mAQhiiw  rook  drilla  (166, 

163),  146,  1SS  ;  raqairtd  to  drira  atono- 

lHMk«n(226},  211. 
Uotor  nan  and  the  doat  prohlam  (SSI, 

863),  8^,  836  ;  Unwin  on  tho  biation 

of,  484-486;  rat«i  of  waight  to  powar 

in,  Ell. 


Natubi  of  matnial  of  fonndatians  (03), 
79. 

Nitro-compounds  (1S4),  168  i  HdvanbiKea 
of  (171),  186  ;  fired  by  safety  fuse  (171), 
166;  electrical  detonators  (172],  167; 
nature  of  an  eiploaion  of  (178),  171; 
quantity  required  to  dislodge  •  piece  of 
nHk(I88,  189),  182,  183. 


Obssbtationb  OS  to  broad  and  uatrow 

wheel  tyres  (16),' SO. 
Oil  road  rollera  (297),  2<7. 
Oils  for  laying  dust  (3G6),  331-333. 
Olivine  il2t),  98. 
Opening  new  quarries,  drainage,  gtavito- 

tion  (135),  127. 


Parallel  circuit,  blasting  (178).  172. 

Patching  system  of  repairing  roads  (308), 
276  ;  quantity  of  metalliuR  ajiplied  ]>er 
annura  (308),  27S  ;  rolling  (320),  234  ; 
cost  of  (321],  285  ;  advantages  of  scari- 
fying (330),  294. 

Patent  dynamo  cxploder(181),  178. 


FaTeroents,     Boman,     oobblartooe    and 


(3S7),  Ml; 
anntial  featniea  d  a  good  (3S9).  314; 
•electing  snitabla  matFrial  for  (370), 
844 ;  oobblertiODe  (371),  Sib  ;  '  Buaton' 
(873),  SIS ;  fonndatioas  (378-383), 
S49-SG4 ;  jntcbed  (884),  354  :  aJran- 
tagaa  of  and  objeetims  to  (388-399), 

867-890;  wood,  firrt  introdaced  into 
London  (404^  870;  via>di  us«d  fur 
(4DB),  S7D:  bard  wooda  (406),  87S; 
an^t  (402-481),  803-400;  btUc 
(482-442),  402-407  ;  tai^maiadam  (448- 
448),  407-411  ;  pitched,  dwapst  and 
mott  dniabla,  bnt  aot^f  (460),  419 ;  loft 
and  hard  wooda  (46]),  418 ;  aaphalt 
(4fi3},  418;  bert  to  tdoot  (4U).  414; 
*lipp«rineeB  of,  oompaiatlTa  (458),  411. 

Paring  matailal  for  tootwtju,  qnaHtua 
necanary,  and  diffarant  daacriitiima 
Hied  (468),  420. 

Pega,  gradient  and  tangent  (01),  S3. 

Petrolauiii  oil  for  laying  dnat  (866),  ttl- 
888. 

Phjiioal  teata,  load-clone :  abnakn  (194), 
108  ;  drop  (134),  104  ;  abMRptkn  (134), 
106  4  weathering  (134),  106;  eraUu 
(124),  106. 

Ken  and  abntmeuta  (M),  88  ;  lliiiiliiiiBa 
of  {100.  101).  84. 

Pile*,  iron  and  aorew  (96),  81. 

Fine.oi]ine  (866),  829. 

Plutonic  rocks  naed  for  road  making  (133X 
09,  100. 

Porphyrite,  petrology  of  (125),  111 ; 
quolitiea  of  (127),  130. 

Porphyry,  petrology  of  (125),  111; 
qualitaes  of  (127),  120. 

Portland  cement  concrete  foandatiom 
(378),  350  ;  preparation  of  (379).  360. 

Position  of  blasting  machine,  when  firing 
charges  (182),  177. 

Powollued  wood  blocks  (421),  390. 

Pricker(l7l),  166. 

ProtectingdangeroDsp1acee(114),  02. 

PuU  up  exploder  (181,  183),  177, 178 


Qdaktitt  of  macadam  broken  by  hand 
per  day  (207),  195  ;  by  machine  (229), 
215  ;  consolidated  by  steam  rollers  (S61), 

240. 

Quarries,  openiBg  new,  drainage,  gravita- 
tion (135),  127;  stripping  (136),  138. 

Quarrying  (134),  127  ;  aimplest  method 
(137),  1SS  ;  hand-driUing  or  boring, 
'     "'"       edge,   hand-drilla  and 


B  and  sledges  (137,  : 


I,  128, 
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129  ;  gUrtiiig  a  bore-hole,  hand-drilling 
(189),  129;  use  of  water  in  bore-hole 
(189),  130;  chum-drilling  (140),  180; 
removing  sludge  from  bore-holes  (140), 
180 ;  broken  jumpers  in  bore-hole, 
reooyeriiig(141),  181 ;  claying  bore-holes 
(142),  131 ;  amount  of  work  accom- 
plished by  hand-boring  (143),  181  ; 
method  of  calcalating  amount  of  drill- 
ing; done  (148),  132  ;  average  amount  of 
dnlling  by  hand  in  difiercDt  rocks  (148), 
(182) ;  table  of  work  done  by  hand- 
drilling  in  cylindrical  inches,  in  various 
rocks  (148),  182 ;  cost  of  hand-boring, 
in  TsrioQs  rocks  (144),  138 ;  position  of 
bore-holes  (machine)  (158),  147  ;  verti- 
cal, inclined  and  horizontal  bore-holes 
(158),  149  ;  examples  taken  from  actual 
practice  (159),  150  ;  road-stone  quarry 
No.  1  (160),  150;  dimension  stones 
(161),  151 ;  boring  the  shot-holes  (162), 
152 ;  size  and  depth  (162)«  153  ;  work 
done  by  machine  rook-drill  (163),  155  ; 
cylindrical  inches  bored  in  one  hour 
(168),  156;  general  deductions  (186), 
180  ;  oost  of  working  rock-drills  (187), 
182  ;  sledging  the  rock  (191),  188  ;  cost 
of  ner  ton  (192),  184 ;  actual  cost  in 
road-stone  quarries  Nos.  1,  2  and  8 
(198-195),  184-187  ;  season  of  year, 
work  performed  (196),  187 ;  cost  of, 
by  manual  labour  (197),  187,  188  ;  cost 
of  the  two  methods  comiiared  (198),  188  ; 
cost  of  a  mechanical  arill  plant  (199), 
189 

Quartz  (120),  97. 

Quartrites  (122),  102 ;  petrology  of  (125), 
117;  qualities  of  (127),  121. 

Quartz-porphyrite  (125),  111. 
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Rackbab  exploder  (181),  176. 

Record  table  of  street  traffic,  form  adopted 

in  London  (456),  418. 
Removing  top   screen  of  stone-breakiDg 

machine  when  travelling,  arrangement 

for  (228),  214. 
Resistance  arising  from  friction  of  axles 

of  vehicles  (1),  28  ;  to  traction  on  level 

roads,  made  of  different  descriptions  of 

material  (2),  29  ;  reports  on  (22),  43 ; 

of  road  vehicles  to  traction,  462-512. 
Retaining  walls  in  sidelong  ground  (58, 

71),   61,   68  ;  dimensions  of  (72),  69 ; 

surcharged  (73),  70  ;  Sir  B.  Baker  on 

(75),  71. 
Revenue,  methods   of  raising,  post  and 

present,  26. 
Road  maintenance  —  wear  on  roads — Sir 

J.  Macneiirs  remarks  on  (807),  274,  275  ; 

repairs  by  patching  (308),  275  ;  quantity 

of  metalling  applied  per  annum  (308), 


275  ;  depends  mainly  on  the  quality  of 
the  material  (808),  276 ;  cost  of  (809), 
277 ;  methods  of  repairing  (312),  278  ; 
area  of  road  surface  which  a  cubic  yard 
of  metalling  will  spread  (318),  278; 
stocking  ola  surface  of  roads  (815), 
280;  time  of  year  repairs  carried  out 
(316),  281 ;  use  of  trestles  (317),  281 ; 
composition  of  the  crust  of  roads  (318), 
282 ;  Mr.  Godrington*s  experiments 
(819),  282 ;  coatings  containing  an  ab- 
normal amount  of  detritus  (319),  288 ; 
rolling  patchwork  (320),  284;  cost  of 
(321),  285  ;  amount  necessary  (826),' 
291  ;  when  hand-broken  metalling  is 
applied  (327),  292  ;  continuous  coatings 
of  metalling  (822),  285  ;  method  adopted 
in  arranging  operations  (823),  287 ; 
haulage  of  materials,  how  arranged 
(324),  290;  spreading  the  metallmg 
(324),  290;  binding  material  and 
artificial  watering  (325),  290 ;  traffic 
carried  on  narrow  wheels  (827),  292 ; 
thickness  of  metalling  when  consolidated 
by  rolling  (331),  294  ;  method  of  arriv- 
ing at  the  probable  cost  of  repairing 
roads  (382),  295  ;  example  taken  from 
actual  practice,  295-299 ;  cost  of  light 
repairs  (333),  299  ;  old  and  new  systuns 
compared  (834),  802 ;  examples  of,  on 
different  roads,  taken  from  actual  prac- 
tice, 302-806  ;  conclusions  arrived  at 
from  comparisons  (385),  806 ;  economy 
of  maintenance  secured  by  using  the 
best  materials  procurable  (385),  806; 
surfacing  roads  (336),  806 ;  tar  macadam- 
izing (337),  807-315 ;  subsequent  labour 
on  rolled  roads  (338),  815 ;  tools  required 
by  roadmen  for  surface  work  (339), 
815 ;  horse  scraping  and  sweeping 
machines  (340),  316 ;  effects  of  alternat- 
ing frost  and  thsw  (341),  817 ;  amount 
and  cost  of  work  done  by  scraping 
machines,  and  by  hand  (342),  317 ; 
first  cost  and  repairs  on  machines  (348), 
318 ;  road-edge  aressing  machine,  amount 
andcostof  work  (344),  319;  engine-shed 
and  store,  description  of  (345),  819, 
321  ;  cost  of  erecting  (344),  321 ;  sheds 
or  huts  for  roadmeirs  tools  (845),  821 ; 
purchasing  tools  aod  general  stores 
(846),  322 ;  rules  and  regulations  for 
guidance  of  roadmen  (347),  322 ;  foot- 
])aths  (348),  323  ;  milestones  and  direc- 
tion boards  (349),  328 ;  annual  estimates 
and  actual  expenditure  of  road  repairs 
(350),  323. 

Road  resistance,  reports  on,  462-512. 

Roads,  Roman,  1  ;  French,  early,  5  ;  sub- 
sequent to  1775,  6 ;  British,  earW,  6  ; 
Roman,  in  Britain,  6  ;  General  Wade's, 
9  ;  Lenslation  1700-1770,  9  ;  condition 
of,  in  the  North  of  England  in  1770, 10  ; 
cross-section  of  English  about  1809, 10 ; 
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turnpike,  made  in  Scotland,  11 ;  Mac- 
adam's system  of  making,  12  ;  Telford's 
system  of  making,  14  ;  general  specifica- 
tion for  the  Highland,  15  ;  general  rules 
for  repairing,  22  ;  specification  for  road 
maintenance,  25  ;  improvement  of,  in 
the  island  of  Anglesea,  26  ;  effect  on  the 
turnpike  system,  after  the  introduction 
of  railways,  26  ;  reconnaissance  for  new 
(26),  44  ;  new  method  of  determining 
final  route  (28),  45  ;  in  mountainous 
districts  (29),  46 ;  ridgelines  (31),  46  ; 
laying  oat  grade  line  in  hilly  districts 
(86),  48 ;  new,  laying  out  in  actual 
practice  (46),  51 ;  improvement  of 
gradients  of  existing  (42),  54  ;  need  for 
new  trunk  roads  (45),  55  ;  formed  over 
low-lying  or  marshy  ground,  piling, 
fascines  and  hurdles  (58),  60 ;  laying 
drain  jupes  under  (70),  67  ;  materials 
or  metal  (116-133),  94-126;  essential 
aualities  of  rocks  for  (117),  94-96 ; 
motional  wear  of  (118),  96  ;  distribution 
of  stone  for  (119),  96;  minerals  forming 
rocks  (120),  97 ;  changes  in  these  minerals 
(121),  98;  granite,  syenite,  diorite, 
gabbro,  diabase,  andesites,  basalt, 
dolerite,  mica  schist,  quartzites,  lime- 
stones, flints  (122),  99-102  ;  selection 
of  rocks  (123),  102  ;  tests,  abrasion,  im- 
pact and  drop,  absorptive  power,  crush- 
ing, weathering,  cementation,  micro- 
scopic examination  (124),  103-108 ; 
{)etrological  description  of  Mountsorrel 
stone,  Guernsey  blue  granite,  Guernsey 
hornblendic  granite,  Halnicdie  hyper- 
stheiie  gabbro,  Tlirelkold  granite  por- 
phyry, Narboroiigli  quartz  porpliyrite, 
LindiHeron  fclsite,  Ginby  granophyrc, 
quartz  -  cnstAtite  diabase,  andesites, 
olivine  basalt,  olivine  dolerite,  opliitic 
olivine  dolerite,  ophitic  dolerite,  dolerite, 
and  quartzite  (r2r>),  108-117  ;  compari- 
son of  road-stones  (12C),  117-119  ; 
attrition  tests  (127),  119-122;  the  best 
stones  are  ultimately  the  cheapest  (128), 
122  ;    niineralogical  comj)osition  (129), 

122  ;  effect  of  weather  and  traffic  (130), 

123  ;  the  Frencli  standard  of  qualities 
(131),  123,  124  ;  Geological  Survey 
experiments  on  road-stones  (132),  124  ; 
sources  of  supply,  British  and  f^oreign 
(133),  125  ;  approximate  quantity  used 
in  this  country  annually,  and  cost  (133), 
12G;  quarry  No.  1  (160),  150,  151; 
quarries  Nos.  1,  2  and  3,  cost  of  (juarry- 
ing  (193-195),  184-187;  construction 
(295),  265  ;  Telford's  system  (296), 
265  ;  his  specification  for  new  roads 
(297),  265  ;  Macadam's  system  (298), 
267  ;  eflbcts  of  subsoil  on  the  method 
adopted  (301),  268  ;  method  adopted  at 
the  present  time  (302),  209  ;  width  of 
roads  (303),  270 ;  contour  and  minimum 


gradients  (304),  271  ;  details  of  eoontj 
and  suburban  (305),  272  ;  Bteam-rol&Bg, 
how  arranged  (305),  274  ;  cost  of  rdliiig 
bottoming  (306),  274  ;  effect  of  motor 
cars  on  roads  (351),  825. 

Rock  asphalt  (422),  392. 

Rock  cuttings  (51),  58. 

Rock  drills  (power),  constniction  of  (145), 
133  ;  hand-power  (145),  184  ;  differait 
types    (146),    184 ;     reqniiementi  of 
(Andr^)  (146),  135;  tappet  (147),  185; 
with  steam-thrown  valves  (148X  185; 
'  Ingersoll-Sergeant,'    details    of    con- 
struction  (150),    186-140;    •Hiniant' 
(151),     140;     compound    (152),    142; 
tripods  for  fixing  machine  (153),  142; 
for  IngcrsoU-Sergeant  (158),   143;  for 
Himant  (153),   143 ;    drill-Wta  (154), 
144;    tempering   (155),    145;    motife 
power  (156),  146;  comparative  trials  of 
(157),  146  ;  amoont  of  work  done  by 
(163),  165;  cost  of  working  (186, 187), 
181,  182. 

Rollers,  width  of  tyres  or  rolls  (16),  87; 
roller  (horse),  first  made  in  France  (248), 
231 ;  patented  in  this  country  (248), 
231 ;  (steam),  first  patented  in  France 
(249,  250),  231,  232 ;  Gellerat  k  Co.*s, 
Paris  (250),  232  ;  first  attempt  to  make 
in  this  coimtry  by  Messrs.  Clark  k 
Batho  (251),  232  ;  Clark  k  Batho*s  sent 
to  Bombay  and  Calcutta  (261),  233; 
first  successful,  made  in  England  (252), 
233  ;  Liverpool  (252),  283  ;  first  intro- 
duced into  Scotland  (253),  283  ;  Avding 
k  Porter's  latest  design  of  15- ton  con- 
vertible (254),  233  ;  number  constructed 
by  Aveling  k  Porter  to  the  present  time 
(254),  233  ;  other  principal  makers  in 
this  country  and  in  U.S.A.  (254),  238  ; 
different  types  made,  weight  and  con- 
stniction (256),  236  ;  description  of 
Aveling  k  Porter's  15-ton  (257),  236- 
238 ;  selection  of,  in  regard  to  total 
weight,  and  weight  per  inch  of  bearing 
surface  (260\  239,  240  ;  compared  with 
wheels  of  vehicles  (260),  239  ;  quantity 
of  macadam  consolidated  by  difFerent 
weighU  of  (261),  240  ;  hiring  of  (265), 

245  ;   system  adopted  in  France  (265), 

246  ;  repairs  to  (266),  246 ;  author's 
experience  (266),  247  ;  number  employed 
in  Loudon  and  area  of  macadamized 
roads  there  (267),  247  ;  cost  of,  and 
accessories  (267),  248  ;  as  scarifiers,  with 
spikes  fixed  in  driving-wheels  (286), 
2r)9. 

Rolling  by  horse  -  power,  first  practical 
steps  taken  in  this  country  by  Sir 
J.  F.  Burgoyne,  R.E.  (248),  231; 
Mr.  F.  A.  Paget's  remarks  on  (249), 
231  ;  by  horses,  difficulties  insepar- 
able from  this  method  (249),  282; 
steam,  advantages  of  (255),  236  ;  cost  of 
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(982),  240 ;  binding  material  (263),  242  ; 
iMst  waarioff  results  obtained  by  using 
■mall  quantities  of  binding  (263),  243  ; 
binding  sufficient  in  crust  of  old  roads 
when  light  repairs  are  carried  out  (263), 
244 ;  imleage  which  can  be  undertaken 
by  one  roller  (264),  244. 

Bommn  roads,  1 ;  in  Britain,  6 ;  pave- 
ments  (866),  842. 

Rubble,  foundations,  hand  set,  for  carriage- 
ways (882),  853. 

Bntty^  scarifying  machine  (1884),  descrip- 
tion of  (272),  250 ;  that  of  1896  (279), 
256  ;  amount  of  work  accomplished  by 
(290),  261 ;  cost  of  work  (290),  261. 


Safb  load  on  foundations  (98),  79. 

Safety  of  pavements  (453),  414. 

Sand  joints  (887).  857. 

Sand  pump  for  bore-holes  (162),  154. 

Sandisiie  (856),  829.  330. 

Sandstones,  qualities  of  (127),  121. 

Sanitary   block  pavement   and  viagraph 
tests  (481),  441. 

Sanitary  tiles  for  paving  footways  (465), 
428. 

Scarifying  machines  (268),  248  ;  Clay's, 
natented  in  1817  (268),  248;  essential 
for  road  maintenance  (269),  249  ;  quali- 
fications necessary  (270),  249  ;  differaDt 
makers  of  (271),  249 ;  Rutty's  1884 
(272),  250 ;  Voysey  &  Hosack's  (273), 
261;  Jackson's  (274),  252;  Wallis's 
(road  pecking)  (275),  252  ;  Henderson's 
(276),  258  ;  Fowler's  (277).  254  ;  Mor- 
rison's (Aveling&  Porter)  (278),  254-256  ; 
Rutty's  1896  (279),  256;  Burrell  & 
Ruth's  (road-breaking  machine)  (280) 
256 ;  Fowler's  (Fowler  k  Benstead) 
(281),  257;  Marshall's  (282),  257; 
Bomford's  (Eddison  k  De  Mattos)  (283), 
257 ;  Hosack's  (284),  258 ;  crushing  of 
metal,  how  obviated  (285),  258  ;  road- 
Tollers  supplied  with  spikes  (286),  259  ; 
horse,  used  in  U.S.A.  (286),  259  ;  best 
description  to  adopt  (287),  259;  by 
hand  picking  or  manual  labour  and  cost 
of  (288,  289),  260 ;  Rutty,  amount  of 
work  done  by  (290),  261  ;  cost  of  work- 
ing (290),  260 ;  Morrison's,  amount  of 
work  done  by  (291),  261-263  ;  cost  of 
working  (292),  263  ;  use  of,  extending 
(298),  264  ;  and  hand  picking  compared 
(294),  264  ;  method  of  applying  (3*28), 
292 ;  and  screening  the  old  metalling 
(329),  293. 

Scraper  (140),  131. 

Scraping  and  sweeping  machines  (340), 
816  ;  amount  aud  cost  of  work  done  by, 
also  by  hand-labour  (342),  817  ;  first 
ooet  of  and  repairs  (343),  318. 


Screening  and  loading  arrangement  (stone- 
breaking)  adopted  by  &larsden  and  by 
Mason  (288),  219. 

Sedimentary  rocks  (122),  102. 

Series  circuit,  blasting  (178),  178 ;  and 
parallel  (178),  178. 

Setts  or  pitched  pavement  first  used  in 
London  (371),  845  ;  paving  (384),  354 ; 
advantages  of  granite  (388),  357  ;  quality 
and  source  of  supply  (390),  859  ;  suppliea 
from  the  continent  (391),  859  ;  cost  of 
per  ton  in  different  towns,  and  cost  of 
joint  filling  (394),  361-866  ;  small  (399- 
403).  366-869  ;  viagraph  tests  for  (482), 
441-444. 

Sheds  or  huts  for  roadmen's  tools  (845), 
821. 

Shot-holes,  boring  the  (162),  152 ;  size 
and  depth  (162),  158 ;  charging  of  the 
(171),  165;  tampine  the  (175),  169. 

Shrewsbury  and  Holyhead  road,  21. 

Side  slopes  (49),  58. 

Sidelong  ground,  embankments  on  (56), 
59  ;  ditches  in  (64),  63. 

Siemens' exploder  (181),  176. 

Single  and  double  hand  drilling  (189), 
129. 

Sites  for  bridges,  selecting  (90),  78. 

Size  of  cutting  edge  of  hand-drills  (187), 
128. 

Sledgiug  the  rock  for  hand  or  machine 
breaking  (191),  188. 

Slips,  land  (53),  59. 

Slipperiness  of  pavement  (458),  414. 

Slopes,  side  (49-52),  58 ;  natural,  of  earth 
(50),  Table  YIII.,  58  ;  finishing  (60), 
62  ;  drainage  of  (62),  68. 

Slot  detonator  (172),  168. 

Sludge  in  bore-holes,  removing  (140),  130. 

Smith's  blasting  machine  (Rackbar  ex- 
ploder) (181,  182),  176-178. 

Snowstorms  and  close  fences  (115),  98. 

Soft  woods  used  for  paving  (405),  870-871. 

Source  of  supply  of  road- making  materials 
(133),  125 ;  foreign  competition  (188), 
125. 

Spandril  walls  (105),  85. 

Specification  for  making  the  Highland 
roads,  Telford,  15  ;  for  the  maintenance 
of  roads,  Telford,  25. 

Springs,  effect  of,  on  vehicles  (20),  41 ; 
Gaillardct  on,  508,  509. 

Steam  thrown  valve  drilling  machines 
(148),  185. 

Steam  haulage  of  metalling  (242,  243), 
225,  226  ;  by  contract  (244),  226. 

Steel  trough  decking  (84,  86,  112),  75,  77, 
91  ;  improvement  to  approaches  of 
bridges  by  substituting  this  for  arches 
(118),  91 ;  comparative  cost  of  (118),  91. 

Stone  breaking  (205),  194  ;  general  con- 
ditions relative  to  hand-broken  macadam 
(205),  194;  screening  hand-broken 
metalling  (206),  195  ;  quantity  of  mac- 
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adam  broken  by  hand  per  day  (207), 
195  ;  cost  of  this  (209),  196  ;  machines, 
requirements  of  (210),  196  ;  mechanical 
details  (210,  215),  197,  199  ;  advantages 
of  (211),  197;  arrangement  of  (212), 
198  ;  sets  of  (214),  199  ;  Blake's  intro- 
duced  into  England  (215),  199  ;  Blake*s 
original  description  of  (216),  200 ; 
Archer's  (217),  201  ;  as  further  im- 
proved (217),  201  ;  different  forms 
adopted  by  quarry  owners  (217),  201 ; 
•Excelsior'  (Hope^s)  (218),  201  ;  Mars- 
den's  (219),  203  ;  Blake-Marsden  (220), 
204 ;  Hall's,  Broadbent's,  and  Mason's 
(221),  204  ;  Baxter's  patent,  description 
ofworkin^  parts  (222),  205-211  ;  lifting 
and  lowering  arrangement  as  applied  to 
(223),  209,  210;  elevator  belt  and 
buckets  (224),  210  ;  motive  power  re- 
quired to  drive  (225),  211 ;  setting  and 
working  (226),  212-215;  maximum 
gauge  of  macadam  determined  by  size 
of  holes  in  top  screen  (227),  213  ;  ar- 
rangement for  lifting  and  replacing 
jaws  (227),  214  ;  removing  top  screen 
when  travelling,  arrangement  for  (228), 
214  ;  quantity  of  macadam  broken  and 
cost  per  ton  (229),  215  ;  capabilities  of 
(230),  218  ;  amount  of  work  performed 
by  working  parts  and  cost  of  renewals 
(231),  218  ;  storing  of  macadam  (232), 
219  ;  the  Heclon  crusher  (234),  220 ; 
Gates'  crusher  (235),  220;  trials  of 
(235),  222. 

Store  for  keeping  explosives  (188,  200- 
204),  182,  189-193;  excerpt  from 
'Explosives  Act '(204),  193  ;  description 
of  (201),  190;  construction  of  (201), 
190-193  ;  cost  of  erection  (203),  193. 

Store  and  engine  shed  (345),  319;  cost  of 
erecting  (345),  321. 

Stores,  general,  and  tools,  purchase  of 
(346),  322. 

Storing  macadam  from  breaking  machine, 
cost  of  (24 4),  227,  228. 

Straight  versus  curved  roads  (43),  55. 

Streets ;  see  Carriageways. 

Street  traffic,  congestion  of  (374),  347. 

Stripping  quanies,  when  and  how  carried 
out  (136),  128. 

Structural  features  of  rocks  favourable  for 
road  making  (121),  98. 

Stuart's  granolithic  m  situ  pavements 
(462),  423. 

Subsoil  drainage  (66),  64  ;  effects  of,  on 
methods  of  construction  (301),  268. 

Subways  for  gas  and  wat^r  mains,  service 
pipes,  electric  wires,  and  other  con- 
ductors (488),  450  ;  necessity  for  (488), 
450  ;  tracing  leakages  in  carria<(eways 
and  repairing  mains  in  London,  cost  of 
(488),  451  ;  early,  Liverpool,  London, 
and  Nottingham  (489),  452  ;  Kingsway 
(490),  452  ;  St.  Helens  (490),  453 ;  cost 


of  oonstmotion  (490),  454 ;  for  tnmi 
(491),  454;  ventilation  of  (492),  455; 
regulations  by  London  Coun^  ()mindl, 
etc  (492),  455  ;  difficulties  of  constrne- 
tion  (493),  456 ;  constmction  of  (494), 
456-458  ;  cost  of  (496),  458,  459 ;  for 
pipes,  pedestrians,  etc.  (497),  459,  460; 
restriction  of,  owing  to  vested  inter«ts 
in  streets  (498),  460,  461  ;  for  paasengen 
at  Mansion  House,  London  (499),  461. 

Surcharged  retaining  walls  (73),  (70); 
Molesworth*s  rule  for  thickness  of  (70), 
71. 

Surfacing  macadamized  roads  (886),  806; 
comparison  of,  on  traffic  made  and  steana 
rolled  roads  (336),  807  ;  subsequent 
labour  on  rolled  roads  (388),  315. 

Sydney,  New  South  Wales,  wood  pave- 
ments (406),  374. 

Syenite  (122),  100. 

Sykes'  stoneware  and  iron  gullies  (472), 
432. 

System  of  haulage  adopted  in  U.S. A. 
(247),  230. 


Taafalt  (362),  338,  339. 
Tables— 

1.  Resistance  to  traction  on  level  roads 

made  with  different  descriptions  of 
material,  29. 

2.  Tractive  force  or  draught  on  dififerent 

descriptions  of  roads,  31. 

3.  Effect  of  gradients  upon  loads  which 

a  horse  can  draw,  34. 

4.  Weight,  horse-power,  and  wheels  of 

vehicles  on  common  roads — 1809, 
35. 

5.  Width  of  tyres  and  weights  carried  by 

vehicles  in  1831 ;  Sir  J.  Macneill's 
evidence  before  Committee  on 
Steam  Carriages,  36. 

6.  Weights  carried  by  various  vehicles 

under  varying  conditions,  traction 
engines,  steun  rollers,  wagons, 
carts,  38. 

7.  Heavy  Motor  Car  Order,  1904,  42. 

8.  Natural  slopes  of  earths,  58. 

9.  Thickness  of  retaining  walls,  Traut- 

wine's  rule,  70. 

10.  Depth  of  arch  stones,  Prof.  Rankine's 

rule,  84. 

11.  Thickness  for  brick   arches    of  dif- 

ferent spans,  85. 

12.  Showing  proportion  of  absorption  of 

water  by  different  stones,  105. 

13.  Typical  road-stones,  109. 

14.  Attrition  testa,  120,  121. 

15.  Showing  numerical  value  of  quality  of 

road-stone  adopted  by  the  Admin- 
istration des  Fonts  et  Chauss^es, 
France,  124. 
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16.  Bock  drilling  by  hand,  number  of 

oylindrical  inches  bored  in  various 
rocks,  182. 

17.  Comparative  cost  of  drilling  by  hand 

in  different  rocks,  183. 

18.  Cost    of  working   mechanical   rock 

drills,  181. 

19.  Cost  of  quarrpnc  rock  per  ton,  by 

machinery,  including  sledging,  184. 

20.  Actual  cost  of  quarrying  in  road- 

stone  quarry  No.  1,  185. 

21.  Do.  do.  No.  2,  186. 

22.  Do.  do.  No.  3,  186. 
28.  Cost  of  quarrying  one  ton  of  rock  by 

manual  labour,  188. 
24.  Ezoerpt  from  '  Explosives  Act,'  189. 

26.  26.  CMt   of  breaking  macadam  by 

machinery,  216,  217. 

27.  Amount  of  work  performed  by  work- 

ing parts  and  costs  of  renewals 
(&xter*s  stone-breaking  machine), 
219. 

28.  Showing  average  cost  of  haulage  per 

ton-mile,  223. 

29.  Record  of  weight  of  macadam  broken 

for  fixing  cost  of  haulage,  224. 

80.  Cost  of  one  day's  work  steam  haul- 

ajge,  226. 

81.  Weight  of  rollers  and  pressure  per 

inch  of  bearing  surface  of  rolls, 
238. 

82.  Cost  of  steam-rolling,  per  day,  241. 
88.  Cost  of  steam  rollers  and  accessories, 

248. 

84.  Cost  of  one  day's  work ;  Morrison's 

scarifier  (Aveling  &  Porter),  263. 

85.  Showing  cost  per  ton  of  metalling 

cons^idated,  296. 

86.  Form  of  estimate  of  probable  expen- 

diture in  connection  with  repairing 
roads,  including  quarrying,  break- 
ing, haulage,  and  rolling,  300, 
801. 

87.  Showing  cost  of  surface  labour  by 

the  patching  system,  and  on  roads 
where  the  coatings  are  consolidated 
by  rolling,  307. 

88.  Cost    of    tar-macadamizing    roads, 

313. 

89.  Traction  on  level  roads  formed    of 

different  materials,  asphalt  being 
taken  as  the  standard  of  excel- 
lence, 344. 

40.  Showing    description     of    material, 

draught,  fraction  of  load,  and  trac- 
tive force  in  terms  of  the  load,  345. 

41.  Showing   size    of    different    stones 

adopted  for  pitched  pavements, 
with  the  su]>erficial  area  which  one 
ton  will  cover,  355. 

42.  Sources  of  supply  of  paving  setts, 

name  of  quaiTy  and  description  of 
stone,  360. 
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43.  Source  of  supply  of  setts  and  cost 

per  ton,  in  aitferent  cities,  861. 

44.  Showing    first   cost,    description    of 

foundation  and  class  of  setts  used, 
annual  repairs,  cleansing,  and  life- 
time of  carriageways  paved  with 
setts  in  the  chief  cities  and  towns 
in  the  kingdom,  864,  365. 

45.  Showing  ultimate  annual  total  cost 

of  repairs  and  cleansing  during  the 
lifetime  of  a  pitched  pavement, 
366. 

46.  Analysis  of  aqueous  extract  of  various 

paving  blocks  after  use  in  traffic,. 
371. 

47.  Comparative  expansion  of  plain  and 

creosoted  deal  blocks,  371. 

48.  Comparative  properties  of  Jarrah  and 

creosoted  deal,  372. 

49.  Cost  and  wear  of  soft  wood  roads  in 

London  and  provinces,  373. 

50.  Characteristics  of  hard  woods,  375. 

51.  52.  Duration  of  hard  woods  in  London 

and  provinces,  384. 

53.  Unevenness  of  road  paved  with  wood, 

384. 

54.  Cost  of  wood  paving  in  London  and 

provinces,  386,  387. 

55.  Comparative  cost  of  hard  and  soft 

wood  paving,  389. 

56.  Cost  and  life  of  asphalt  pavements 

in  London,  400. 

57.  Do.  do.,        401. 

58.  Cost  of  brick  pavement,  407. 

59.  Cost  of  brick  and  other  pavements  in 

London,  407. 

60.  Comimrative  slipperiness  of  carriage- 

way pavements,  414. 

61.  Traffic  records  over  some  thorough- 

fares in  London,  417. 

62.  Record  table  of  street  traffic ;  form 

adopted  in  London,  418. 

63.  Cost  of  paving  materials,  419. 

64.  Yiagraph  tests,  442,  443. 

65.  Pipe  and  tram  subways,  459. 

66.  Morin's  ratio  of  tractive  force  and  total 

load,  470. 

67.  Maximum  load,  471. 

68.  Ratio    of    tractive    force    to    load, 

473. 

69.  Uniform  draught,  477. 

70.  Results   of  ex]>eriment8  by  Chari^- 

Marsaine,  478. 

71.  Tests  made  by  A.  Michelin,  478. 


72. 

Do. 

do. 

479. 

73. 

Do. 

do. 

480. 

74. 

Do. 

do. 

481. 

75,  76. 

Do. 

do. 

482. 

77. 

Do. 

do. 

483. 

78. 

Do. 

do. 

484. 

79.  Gravity  trials,  485. 

80.  Results  of  experiments  by  Prot  Hele- 

Shaw,  486. 
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Tiblei— eonMiMMtiL 
81.  Effect  of  sixe  of  whael  on  tiMtioii, 

487. 
8S.  SflMofwidtlioft3nw,488. 
8S.  Do.  do.         489. 

84.  BffiMf  of  speed  on  tnetiTO  foroe,  489. 

85.  Tnetion  <n  diflbrent  Tehiolee  on  level 

md8,400. 
88.  inciotiTexeeistftnoeofleTelMiF«BientB» 

491. 
87.  Bffeotaoftmetiononle¥tlToade,492, 

498. 
Tunping  the  8hot-hoIeB(175),  189 ;  damage 

to  wins  (175),  170 ;  n>d,  fomi  aometimeB 

used  (176),  170. 
Tangent  ana  gradient  pega  (81),  8S. 
Tappet  drilla  (147),  m. 
Tar-oonoiete  paTement  for  fbotwaya  (481, 

488),  428,  428. 
Tar-mao  (887),  808. 
I'kr-maeadam,    methoda   of   diying  tlie 

atonea,  quantity  of  tar  emplo^,  com- 

position,   ooet^  where  nsed  (448-448), 

408-411. 
Tar-macadamising  Toada  (887),  807-^16. 
Tarring  roada  for  lajing  dost  (867),  888- 

841. 
Tar-spimying  appaiatoa  (887),  811-^18; 

(859),  888-887. 
Tar-spieading  apparatoa  (857),  884,  886. 
Team  hftolage,  cost  of  (289),  288 ;  advan- 

tagQaof(240),  224. 
Tdfoid,  14 ;  Glasgow  and  Oarliale  road, 

19 ;  Shrewsbnry  and  Holyhead  road,  21 ; 

aystem  and  specification  for  new  roads 

(298,  297),  285,  288;  and  Macadam's 

systemfl  of  construction,  advantages  and 

defects  of  (299),  267. 
Testing  road  surfaces  (473-481),  434-449. 
Tests  (124),  103-108. 
Thawing  frozen    explosives,   by  warmiug 

pans  and  other  means  (166,  167),  160. 
Tiles  or  bricks  for  paving  footways  (465), 

427, 
Timber  bridges  (110),  88. 
Timber  platform  foundations  (94),  80. 
Tip-carts  only  should    be    employed    for 

conveying  metalling  (237),  222. 
Tirring  or  stripping  quarries  (136),  128. 
Tools  requirea    by   roadmen    for   surface 

work  (339),  315. 
Tools  and  general  stores,  purchase  of  (346), 

822. 
Topography  (80),  46. 
Toughness,  road-stones  (117),  95. 
Towns,  intermediate,  in  laying  out  new 

roads  (36),  47. 
Traction,  effect  of  materials  on  (370),  344, 

345 ;   resistance   of   road    vehicles    to, 

462-512. 
Traction-engines,   improvement    of  wheel 

^res    on,    or    road-engines,    Boulton's 

flexible  tyres  (18),  40. 
Tractive  force  exerted  by  horses  (2),  29. 


Traflle,   eflSsct  of  (180),  188;  fa  fSSm, 
xeooid  of  (455-468),  418-418. 

Transreiae  halaneing  (48)^  67. 

Traps,  sand,  or  goIIifiB  (8i),  88. 

TresUea  on  roads,  use  dri8l7)^  881. 

Triala  of  stone-breakeni  (985X  tt8. 

Trinidad  asphalt  for  oaniaaBvm  idl- 
footways  (422,  426),  898,  m. 

Tiripods  for  rook  drills  (188),  148. 

Trough  deddng.  steel  (84,  MX  ^  77. 

Tninanlt,  spring  patented  fay,  689. 

Turnpike  system,  great  opporiiioii  to,  in 
some  paxta  of  the  oooat^,  10;  wfitm 
and  present  meUiod  of  maSng  fSfiSMb 
88;  Qeneral  Afit  (1888)  ruffistwi 
weiiB^ts  eanied  by  Tcidelet  (1^  88. 

Tjrm,  wide  and  naznnr,  fl4),  9it  widft 
o(  on  road-rolkn  uA  wifpom  (16), 
and  on  traetion-en|^  wliee&(18),  87; 
improvement  o(  in  tmeticHi  eoid  road 
enginee  (18),  40;  vegnktioiia  fbr,  « 
heavy  motor  cars  (80,  81,  88X  41-48; 
wear  of,  478;  Miehalin  on,  478-484, 
effeotof  width  o(  488,  489 ;  ozperiBMi^ 
on,  497,  500-604, 609. 


UxtwiN  on  road  reaiataiioe,  484-488. 


Yallst  lines  (82),  46. 

Vehicles  with  narrow  wheel  tyres  (17),  89. 

Vertical  curves,  on  gradients  (38),  49. 

Viagraph,  description  of  (474),  435-437. 

Viagraph  tests  (476,  477).  437-439;  of 
asphalt  pavements  (479),  439;  wood 
pavements  (480),  439-441  ;  sanitary 
olocks  (481),  441  ;  sett-paved  streets 
(482),  441 ;  macadam  roads  (483),  442- 
449. 

Victor  blasting  machine  (181),  176. 

Volcanic  rocks  (122),  101,  102. 

Volley  flrers,  blasting  (183),  178. 

Voysey  k  Hosack's  scarifier  (macadam) 
(273),  251. 


W 


Wade's,  General,  roads,  9. 

Wagons  (246,  247),  229,  230. 

Wallis*8  road-pecldng  machine  (275),  252. 

Walls,  retaining  (58,  71).  61,  68  ;  dimen- 
sions of  (72),  69  ;  surcharged  (73),  70  ; 
Sir  B.  Baker  on  (75),  71  ;  breast  (76), 
72  ;  spandril  (105),  85. 

Warming  pans  for  thawing  flrozen  ex- 
plosives (166,  167),  160. 
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Wttteiing,  artificial,  in  connection  with 
loIHng  operations  (325),  290 ;  for  laying 
dost  ^55),  827,  828. 

Waterway  of  culverts  (77),  72;  rivers, 
bridges  (91),  78. 

#ear  on  roads  (118),  96  ;  Sir  J.  MacneilPs 
obeenrations  (306),  275  ;  of  wood  (vaving 
(415),  883-387. 

Weather  resistance,  road-stone  (130),  123  ; 
(854),  827. 

Weathering  test,  road-stone  (124),  106. 

Wedges  and  striking  blocks  for  bridge 
centres  (108),  87 ;  substitute  for,  iron 
pipes  (108),  88. 

Weights  carried  by  vehicles,  'General 
Turnpike  Act'  regulations,  1823  (12), 
86. 

Wedmimter  Review  remarks  on  Macadam 
and  his  system,  14. 

Westmmite  (356),  328. 

Wet  bore-holes,  different  explosives  in 
relation  to  (165),  159. 

Wheels  and  weights  on  them  (10),  34  ; 
oonical,  dished  or  slichtly  conical  (11), 
85  ;  width  of  tyre  and  weights  carried, 
0>nnty  Councils  empowered  to  make 
by-laws  (18),  36 ;  wide  and  narrow 
tyres  (14),  36,  87  ;  width  of  tyres,  Mac- 
idam*s  opinion  as  to  (14),  37 ;  wagon 
tyres  (15),  37  ;  tyres  of  traction  engines 
(16),  87 ;  vehicles  with  narrow  tyres  (17), 
89 ;  excessive  weights  carried  on  (19), 
40  ;  narrow,  of  vehicles,  effect  on  hand- 


broken  macadam  coatings  (327),  292; 
effects  of,  on  roads,  463. 

Width  of  macadamized  roads  (303),  270 ; 
of  carriageways  (374),  347. 

Wings,  use  of,  on  drill-bits,  in  seamy  rock 
(154),  146. 

Wood  pavements,  first  introduced  into 
London,  early  descriptions  used, 
methods  of  construction,  soft  woods, 
hard  woods,  laying,  joints,  ezi^ansion 
joints,  wear,  relative  life  service  of  soft 
and  hard  woods,  cost  (404-421),  370- 
391 ;  relative  value  of  (451),  418 ; 
viagraph  tests  of  (480),  439-443. 

Work  done  by  machine  rock  drill  (168), 
155. 

Working  a  stone-breaking  machine  (226), 
212. 

Working  plans  and  sections,  etc.,  for  new 
roads  (35),  47. 


X 


X-BIT8,  for  machine  drilling  (154),  145. 


Yorkshire  flags  for  footways  (459),  421. 
Young,  Arthur,  on  the  condition  of  the 
roads  in  1770  9. 
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